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Gulf Olemi.cal ard Metallm:gical (GCMC) in Freeport, Texas operates a metals 
r:ecovery process extractmj m::>lybdenum ard vanadimn from spent oil-refinery 
hydro-desulfurization catalyst. 

Spent catalyst is :received in railcars, drums, bags, ard trucks fran various 
refineries throughout the world. 'lhe catalyst is stored in a pile on a 
oonc:rete pad that is walled on three sides by a 6 foot retainin:J wall. 'lhe 
water that is sprayed on the pile to exx>l the material is collected in a· sump 
ard then-plJI[l)E!d to one of three surface impoundments. 'lhe catalyst is 
transferred to multiple hearth roasters where it is calcined. 'lhe eJdlaust 
gases from the roasters are cleaned in electrostatic precipitators prior to 
beir¥J emitted to the atioosphere (TACB Pennit Nos. 1157B/1157C). 'lhe dust 
collected in the electrostatic precipitators is recycled back to the :roasters. 

'lhe calcined catalyst is groum ard punped to a leach.in:J system. 'lhe leached 
solids (tailirgs) are punped to the three surface i.Jrpourxhnents ('IWC Solids 
Waste Pemit No. 30952 ard RCRA Solid waste TXD074195678). '!here is a fourth 
surface inp:,lmjment approximately 9 miles to the north of the site that 
receives excess tailirgs from the three on-site surface in'pourxlments. When 
economically attractive, the oampany had planned to reprocess the tailirgs in 
the impoundments to recover cobalt ard nickel. Acxx>rdm:J to the 'IWC's April 
13, 1987, Solid Waste Ccmpliance Monitorirq Inspection Report, by the end of 
1987, the oampany will no lOn;Jer be stockpilirq these tailirgs. GOIC will 
either use it as a cement additive or send it to Belgujm for metals recovery. 
'lhe company also plans to slowly work down the material stored in all four 
impoundments. 

'lhe leachate solution is processed to rec:::over the m::>lybdenum ard vanadimn as 
m::>lybdenmn trioxide ard vanadimn pentoxide. 'lhe wastewater remainirq from the 
leachate solution is punp:rl through a solvent extraction system to further 
reduce the concentration of m::>lybdenum ard vanadimn, stripped for anuoonia 
recovery, ard neutralized. 'lhe treated effluent is discharged through outfall 
001 (Pemits, '1WC No. 01861, NPDES No. 'l'X0034739) into the Dc:M waste canal. 
'Ihe facility also has outfall 002 into the Old Brazos River for sto:rmwater 
nmoff. 



SUmmary of RrnA arxi CERCIA file infOllDation on the site: 

Aug 24, 1976, Enforcement order. 'lhe plant was cited because it 
was pennitted by the TIJtm. to discharge only fran outfall 001, however 
stonnwater oontaminated with D)lybdenum, vanadium, nickel am zinc was 
allowed to drain to one side of the plant prior to release. Gae 
cleaned the stonnwater ditch, constructed a weir dam arxi placed the 
spent -catalyst on pads. 

March 23, 1977, Site identification fran TIJtm. files. 

May 21, 1980, Site identification due to letter fran the Mayor of 
Freeport, Mr. Tobey L. Davenport, :requestirg an unannounced inspection 
of the site. 

Nov. 19, 1980, Application for Hazanious Waste Pennit, Consolidated 
Pennits Program. 

Nov. 24 & 25, 1980, Preliminary Assessment perfonned by ~ during a 
RrnA inspection of the site. 

May 4, 1981, EPA files Conplianc:e order arxi Notice of Opportunity for 
Hearing umer RrnA. 

JUne 4, 1981, Respondent's answer arxi Request for a Hearing. 

Nov. 5, 1981, EPA files Notice arxi Final order upon Withdrawal. 

May 25, 1982, '1WC Imustrial Solid Waste Disposal CCl'Dplianc:e Monitoring 
Inspection. 

· March 9, 1984, site inspection perfonned by EnJineering science Inc. , 
representatives for the TIJ-m., noted several self reported violations by 
GCMC fran NPDES Outfall 001. 'lhe violations included teirperature, TSS 
D)lybdenum, vanadium. 

March 25, 1985, 'IWC Imustrial Solid Waste CC'lrplianc:e Monitoring 
Inspection. 

Aug. 30, 1985, 'IWC withdrew Gae's application for a hazardous waste 
permit based on review of Part A am the Affidavit of Exclusion. 

April 13, 1987, 'IWC Solid Waste Conplianoe Monitorirg Inspection Report 

Sept. 25, 1987, 'IWC infonns Gae of Violation of the Financial 
Requirement for Closure am Liability. 

Since there is a potential for contamination of groundwater am surface water, 
the FIT reccmmends that a site visit be perfonned to obtain further 
infOllDation on this site. Dlrirq the site visit the following aspects of the 
site need to be evaluated: 

'lhe con:lition of the embankments at the surface :i.npoumments to 
identify any erosion. 

'lhe current level at whim groum water is reached. 



'lhe exact location of 1) the drainage pathways am 2) outfalls 001 & 002. 
'lhe locations used at this tiJDe are ,approximations. 

A records search at the facility to 1) detennine if any laboratoi:y data 
exists to support the :reference (Reference 3) to various self :reported 
violations involvirg high concentrations of anm:>nia, llDlybdemnn am 
vanaditnn. 2) detennine the average inventoi:y of spent catalyst on site 
at any one tiJDe. 

Based on the site visit, a samplirg plan may be prepared if c:cn:titions at the 
site indicate that samplirg could prove an observed release to the grourrlwater 
and/or surface water. 

'lhe facility's fourth surface :impoumment' located approximately 9 miles north 
of the site should be visited at the same tiJDe as the plant. rue to its 
distance from the main site, this :impoumment should be considered as a 
separate facility. '1he poIXl has four grourrlwater llD11itorirg wells am from 
the available data the grourrlwater shows no evidence of cxmtamination. 
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Gulf Chemical am Metallurgical (GCMC) in Freeport, Texas operates a metals 
-recovery p:roc::ess extractm;J molybdenum am vanadimn ft'an spent oil-refinecy 
hydro-desulfurization catalyst. 

When spent catalyst is received at the plant, it is stored in a pile on a 
concrete pad that is walled on three sides. water is sprayed on the catalyst 
pile to keep it cool. 'lhe runoff water is collected in a sump am then pumped 
to one of the three surface i.np:,un:mients on site. 'lhe metals r:ecovery process 
involves roastirq the spent catalyst am then leach.inJ the desired metals out 
of the calcined catalyst. 'lhe leachate solution is processed to recover the 
molybdenum am vanadimn as molybdenum trioxide am vanadimn pentoxide. 

'Ihe wastewater remainirq from the leachate solution is pumped through a 
solvent extraction system to further reduce the concentration of molybdem.nn 
arxl vanadimn. It is stripped for anmonia :recovery, arxl neutralized, prior to 
being discharged through outfall 001 into the Inl Waste Water canal. 'lhe 
facility also has outfall 002 into the Old Brazos River for stonnwa.ter runoff. 

With the infonnation currently available to the FIT, the site will not receive 
the mininrum score required to be included on the National Priorities List. 
'!he surface water supply intake for the city of Freeport's water utility 
system is upstream of the site thus decreasirq the usage factors for the 
surface water. However there is same in:lustrial am :recreational water use of 
the down stream surface water am there are coastal wetlarxls near the site. 

GroUIXlwater within 3 miles of the site is also used as a dri.nlcirg water source 
by the city of Freeport in their water utility system. However the 
groundwater score is low due to the lack of an observed release arxl the low 
penneability of the soil beneath the site. 

Since there is a potential for contamination of groundwater arxl surface water, 
the FIT recammems that a site visit be perfonned to obtain further 



info:cmation on this site. D.JriDj the site visit, the followirg aspects of the 
site need to be evaluated: 

'1he oorxlition of the embankments at the surface impcmuneuts to identify 
any erosion; 

'1he current level at which grourdwater is reached; 

'1he exact location of 1) the drainage pathways, am 2) Qltfalls 001 am 
002. '1he locations used at this time are approximations; am 

A :recoms search at the facility to 1) detennine if any laboratory data 
exists to support the :reference (Reference 3) to various self reported 
violations i.JwolviDj high concentrations of anm::mi.a, nDlyl:x)enum am 
vanadimn am 2) detennine the average inventmy of spent catalyst on 
site at any one time. 

A fourth surface impoumment, appraxi:mately 9 miles north of the site, could 
be visited duriDj the site visit, but should be cxmsidered as a separate 
facility. '1he fourth surface impoumment has four grourdwater nari.toriDj 
wells am from the available data the grourdwater shows no evidence of 
contamination. 



' ·:i 

IXXIlMENmTION REXXlRm 

RlR 

HM.ARDRANKilCSYSTEM 

INmRJCl'I(H;: '1he :purpose of these records is to provide a cxmvenient way to 
prepare an auditable record of the data am doa.mert:ation used to apply the 
Hazard Rankirg system to a given facility. As briefly as possible sununarize the 
info:nnation you used to assign the soo:re for each factor (e.g., ''Waste quantity= 
4,230 dnnns plus 800 cubic yards of sludges") • '1he source of info:nnation should 
be provided for each entry am should be a bibliographic- type :reference that 
will make the document used for a given data point easier to find. Include the 
location of the document am consider apperni.n';J a cx,py of the :relevant page (s) 
for ease in review. 

ac:rLI'IY NAME: . Gulf Chemical am Metallurgical O:>. 

IOCATION: Freeport. Brazoria County. TX. IAT 28° 57' 2211 I.ONG 95° 20' 1711 
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GRllID WATER lUf.lE 

1. ()ffiERVIDRE[EASE 

<kntaminants detected (5 nex:imim) : 

'!here is no documented evidence of an abser:ved release to the grourxiwater 
from this site. 

Rationale far att:cibutirg the cantaminants to the faci J ity: 

N/A 

2. IUf.lE ~a; 

Depths to Aquifer of CorDm1 

lfallE/descr.iptian of aquifer(s) of <XDEn1: 

'Ihe au.cot Aquifer is the aquifer of concern at this site. '1he aquifer 
is oanprised of the Willis Sand, Bentley Formation, Montgameey Formation, 
am Bea.UllDl'lt Clay of Pleistocene Age, am any overlyi.rg Holocene Alluvium 
(Ref. 1, p. 40). 

Dept:h(s) fian the grouni surface to the highest seasanal level of the 
saturated zcme [water table(s) ] of the aquifer of a:mceD1: 

'1he grourxiwater within 3 miles of the site begins between 150-180 feet 
below the surface (Reference 6, 16). 

Depth fmn the gram surface to the lowest point of waste dispos;,1/ 
storage: 

'1he depth of Taili.rg Pond #3 is 16 feet below groum level. Depth to 
Aquifer of COncem 150 - 16 = 134 ft (Reference 3) • 
HRS Value= 1 

Net P;r:ecipitatian 

Mean ammal ar seasanal precipitation (list m::mths far seascnal) : 

'1he mean armual precipitation for the area aroun:l the site is 46" 
(Reference 2, p. 14). 
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Mean amma1 lake or seasonal evaparatial (list DDJths far seasonal) : 

'1he mean annual lake evaporation for the area is 53" 
(Reference 2, p. 13). 

Net precipitaticn (subtzact the abcwe figm'es) : 

'1he net precipitation for the area around the site is (46'' - 53") = -111 

(Reference 2) • 
HRS Value= 1 

R!:rmeability of Unsaturated Yale 

Soil type in unsaturated 7.a'le: 

'1he soil in the unsaturated zone is alluvium, cansistirg of clay, silt, 
sarxi arrl gravel. Fram well log m-Bl-06-405 the soil type in the 
unsaturated zone appears to be clay (Reference 15, 16). 

R!J:meahility associated with soil type: 

since the soil is not hcanogeneous, the permeability associated with the 
least permeable canpment, i.e. clay, is used: < 10-7 aivsec (Reference 
2). 
HRS Value= 0 

Htysical state 

Hlysical state of substan::,es at time of disposal (or at present time far 
generated gases) : 

'1he spent catalyst stored on-site prior to :reclamation contains vanadium 
arrl m::>lybdenum arrl is a solid. 

'1he tailings cxmtained in the settlin;J porrls on-site are in the fonn of 
sludge (Reference 3) • '1he sludge waste yields the higher score for 
physical state. 
HRS Value= 3 

3. CDmUNMENl' 

OJnt:ainment 

Method(s) of waste or leadlate am:a:inment:s evaluated: 

'1he spent catalyst is stored in a pile on a concrete pad with :retainin;J 
walls on three sides. '1he tailings are stored in three surface 
in'pc>urments, two of which had less than 1 ft. of :f:reeboam.. 
Reference 3 
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Method with bigbest scare: 

'1he containment method with the highest score for the grouniwater route 
is essentially non-penneable c:anpatible liner, liner with no leachate 
oollection system, or inadequate freel:loam (Reference 2, p. 17). 
HRS Value= 1 

4. WA9l'E amRACI'ERISTICS 

Taxi.city ard Persi.st:en:,e 

OJnpmm(s) evaluated: 

'1he followin:J ~ are Jmown to be on-site: 

Toxicity 

Annnonia 3 
Molybdenum 3 
Vanadium 3 
Reference 2, 3, 10 

OJnpmo1 with highest scare: 

Persistence 

0 
3 
3 

Molybdenum ard vanadium scored Toxicity - 3 (Ref. 2, p. 19: Ref. 10), 
Persistence - 3 (Ref. 2, p. 18: Ref. 10) 
HRS Value= 18 

Ha2.amCllS waste ouantity 

Total quantity of hazanious substarx,es at the faciJ ity, excl.minj these 
with a cant:a:inment scare of O (give a reascmabl.e estimate even if 
quantity is above maxinum) : 

'Ihe total quantity of hazanious substances at the facility are the 
tailirxr-; in the on-site surfa~ .i.ng;)oumments: 
Pom(l) - (768,000 cu. ft.) 
Pom(2) - (272,000 cu. ft.) 
Pom(3) - c2ss,ooo ru. ft.) 

Total= 1898000 cu. ft.= (189,8000 cu. ft.) (1 cu. yd ) = 70,296 cu. yds, 
(27 cu. ft.) 

Reference 2, 3 

Basis of estimat:inJ am/or <Dlplt:iJg waste quantity: 

'Ihe volume of the tailirxr-; in the surfa~ impoumments was estimated as 
the waste quantity (Reference 3) • 
HRS Value= 8 
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Grourd water Use 

'1he aquifer of oancern is used as a source of drink:in;J water by the city 
of Freeport, since surface water alone cannot fully supply the city's 
needs (Ref. 5, 6, 7, 13). 
HRS Value= 3 

Distance to Nearest Well 

I.a::ati.cn. of nem:est 'Well drawing fran aquifer of ca1CeD1 or occupied 
bJi J<li.nJ mt served by a pJbJ ic water SlJR)l.y. 

'1he nearest well drawirg frcm the aquifer of conoem is the city of 
Freeport well #8. Well #8 is located 3200 feet south of the site at the 
intersection of Terminal and Broad street. 
(Ref. 7). 

Distance to abcYe 'Well or bJi JcUr¥): 

'1he distance of the nearest well is 0. 7 mile (Ref. 7, 9) • 
HRS Value= 3 

RlPil,atian Set:ved by Grouni water Wells Within a J-Hile Radius 

Identified wat:er-slJR>l.Y well(s) drawing fran aguifer(s) of cancezn within 
a J-mil.e radius am pcpll.at:ials served by each: 

'!here are eight water wells in the city of Freeport water utility system 
and 13,500 people are served by the system (Ref. 7) • 

0:llpltat.imi of lam area i.r.rigated by SlJR)l.y well (s) drawing fran 
aguifer{sl of <Xl'Dml within a 3-mii.e radius, am oanversim to 
pcpiJ.ati.m (1.5 peq>le per acre): 

'!here is no irrigated land within 3 miles of the site (Ref. 17) • 

Total i;q,11 a~icn served by g:raml water within· a J-mile radius: 

'1he total population served by grourxiwater in a 3-mile radius is 13,500 
(Reference 2, 6) • 

HRS Value= 5 
HRS Matrix Value = 35 
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~ WAT.Im KUl'E 

1. OBSERVED RErEASE 

Qm:aminants detected in surface water at the faci J i:ty ar downhill ftan 
it (5 llBXllllllll): 

'!here is no docunelted evidence of an abserved release to the surface 
water fran this site. 

Rati.anale far attrilut.inJ the rmtam:inants to the faci J ity: 

N/A 

2. KUl'E ~cs 

Facility Slope and Intetyenim Tet:rain 

Average slope of faci J ity in pen:ait~ 

'llle average slope of the facility is < 1% 'tatlards the south. 'llle site is 
essentially a flat graded area (Ref.' 3, 9). 

Namefdesc:riptiai of nearest dcwnslope surface water: 

'llle nearest downslope surface water is the Old Brazos River that is used 
for ship am bal:ge transport and contact recreation. 'llle site's stonn
water outfall 002 drains into the Old Brazos River. 'llle site's treated 
process wastewater drains into the, IDT Bai:ge canal via outfall 001 
(Ref. 6, 9, 18). 

Avmage slope of tar.rain bebleen faciJ ity and abave-cited surface water 
body in perce11t:.: 

'llle average slope of the terrain between the facility am the above cited 
surface water body is zero. However, outfall 002, the stonnwater 
drainage ditch fran the site, drains into the above cited surface water 
body (Ref. 3,9). 

Is the faciJ ity located either tat:ally ar partially in surface water? 

'llle facility is not located either totally or partially in surface water, 
except for an intennittent sb:eam to the northwest (Ref. 2, p. 31; 
Ref. 9). 
HRS Value= 0 

Is the facility COlpl.etel.y surroumed by areas of higher elevation? 

'llle facility is not carpletely surroumed by areas of higher elevation 
(Ref. 9). 
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1-Year 24-iblr Rainra] J in Imles 

'1he 1-year, 24-hour rainfall is 4 inches (Reference 2, p. 33). 
HRS Value= 3 

Distance to Nearest D:Jwnslope SUrfaoe J@ter 

'1he distance from the site to the nearest c::bmslope, surface water ('lhe 
Dc7.rl Barge canal) is 1320 feet (Ref. 9). 
Reference 2, p. 32 
HRS Value= 2 

BJ.ysical state of waste 

'1he spent catalyst pile is a solid. 
'1he tailin;Js in the surface inlpc:Jumnents is a sludge (Ref. 3) • 
HRS Value= 3 

3. CDU2\INMFNl' 

Cmtainment 

Methods of waste or leachate containment evaluated: 

'lhe spent catalyst site was evaluated as a pile, sur.rourned by sourxi 
diversion or containment system. '1he tailinJs in the surface 
~ were evaluated as a surface impoun:bnent with dikin;J not 
leakinj but potentially l.Jl1SOOn:i (Ref. 3). 

Method with highest scace: 

'1he containment method with the highest soore is, dikin;J not leaJcin;J but 
potentially unsound (Ref. 2, pg. 35) • 
HRS Value= 2 

4. WASrE ClfARACl1:i.RISCS 

Taxi.city am Persisten;,e 

O'IJ:polni(s) E!Yal.uated: 

'1he c:x:mp::>ums evaluated were: 

'lbX. Persistence 

AimtDnia 3 0 
Molybdernnn 3 3 
Vanaclitnn 3 3 

References 2, 3, 10 
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0:J:rp:J1l¥l with highest scxre: 

Molybdemnn and Vanadium both scored a toxicity/persistence matrix value 
of 18. 
Toxicity - 3 (Ref. 2, pg. 19: Ref. 10) 
Persistence - 3 (Ref. 2, pg. 18: Ref. 10) 

Hazardous Waste Oqantity 

Total quantity of hazardous substara!s at the faci J i:ty, excl.ming these 
with a oantamnBlt scam of o (give a zeascnable estimate even if 
quantity is above nexiuum) : 

'!he total quantity of hazardous substances at the facility are the 
tail:in:Js in the on-site surface ilrp:,umments. 
Parxi(l) - 768,000 01. ft. 
Parxi(2) - 272,000 01. ft. 
Parxi(3) - 858,000 al. ft. 
Total (1,898,000 01. ft.) (1 01. yd.)= 70,296 01. yds (Ref. 2, 3). 

(27 al. ft.) 

Basis of estiDet:irg and/or CCllpl1::iDJ waste quantity: 

'lhe volume of the tail:in:Js in the surface :iJrp:,urrlment was estilllated as 
the waste quantity (Ref. 4) • 
Reference 2, p. 19 
HRS Value= 8 

5. 'mR;El'S 

SUrface Welt-gr Use 

Use(s) of surface water within 3 miles downstream of the hazardous sub
st:arx:,e: 

'lhe Old Brazos River within 3 miles downstream of the hazardous substance 
is used for ship and barge transport, and contact :recreation. '!he In-I 
Fresh Water canal which runs next to am south of the rn., Barge canal, 
has a surface water intake o. 75 mile upstream of the site. '!he intake 
supplies water to the city of Freeport. (References 5, 6, 13, 17) 
HRS Value= 2 

:rs there tidal infl.ueooe? 

'!he In-I Fresh Water canal has no tidal influence since it dead ends into 
the 0cM Plant northeast of the site. lbiever, there is tidal influence 
in certain surface water bodies near the site since the In-I Barge canal, 
north of the site, and the Old Brazos River, south of the site, are open 
to the Gulf of Mexico (Ref. 6, 11). 
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Dist:arD! to a Sensitive Envircnnent 

Distance to 5 acr:e (m:in:iDum) coastal wetland, if 2 miles ar less: 

'1he distance to the nearest 5-acre wetlani is o. 4 miles from the site 
(Reference 14, 15). 

HRS Value= 3 

Distance to 5-acce (m:in:iDum) ftesh-water wetland, if 1 mile ar less: 

'!here are no fresh-water wetlands within 1 mile of the site 
(Reference 7, 11) • 

Distance to critical habitat of an ~ species ar natirml. 
wi.ldJ i fA refuge, if 1 mile ar less: 

'!here is no critical habitat of an~ species or national 
wildlife refuge within 1 mile or l.,ess of the site (Ref. 11). 
HRS Value= 3 

Rlpu].atim Served by SUr:face water 

Icca:tim(s) of water-sg,Iy intake(s) within 3 miles (:a:ee-flcwinJ 
bodies) ar 1 mile (static water bodies) dcwnstream of the hazardws 
substance ani pquJat-.icn sei:ved by each intake: 

'!here are no water-supply intakes within 3 miles (free-fla.axg bodies) or 
1 mile (static water bodies) downstream of the hazanious substance. '1he 
free flcwinJ surface water bodies are the Dow Barge canal ani the Old 
Brazos River (References s, 6, 7, 9). 

Q:mprt:atim of land azea irrigated by abave-ci.tecl intake(s) ani 
<XJnVet:Sim to pcpJlat-.iai (1.5 peq,le per arm): 

N/A 

Total "popll.atim sei:ved: 

'1he total population sezved by surface water downstream of the hazardous 
substance is zero. 

Namejdescripticn of neai:est of above water bodies: 

N/A 

Distance to abave-ci.tecl intakes, D&ISUmd in sl:t.eam miles. 

N/A 
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AIR lUJlE 

1. OIEl!RVEDREIFASE 

Qmt:aminants det.ect.ed: 

Drt:e and locati.an of det:ect:iai of oant:aminant:s: 

Methods used to detect the oant:aminant:s: 

Rat:i.a1al.e far att:rihttinJ the cxnt:aminant:s to. the site: 

2. WAS:m~CS 

Reactivity and Im it• atibility 

lllst .i.rKxlrpatihle pair of cx:npalmS: 
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Taxi.city 

ftJst toxic CCl#pmd: 

lmarcbJs waste Quantity 

Total quantity of ha7.ardaJs waste: 

Basis of est.imatinJ amfar OCllplt:inJ waste quantity: 

3. 'mIGnS 

lqlulatim Within 4-Mil.e Radius 

Cin:le radiDs used, give pqw.aticn, aid. inlicate hcr.r detm:m:ined: 

Oto4:mi Oto1:mi Oto\mi Oto\:mi 

Distance to a Sensitive Environment 

Distance to 5-acre (:mi.n:hlum) oaasta1 llletl.ard, if 2 miles ar less: 

Distance to 5-acre (:mi.n:hlum) ftesb.-water. llletl.ard, if 1 mile ar less: 
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Dist:alD! to critical habitat of an emaIKJeU!d species, if 1 mile or 1ess: 

lard Use 

DistalD! to <XIIIIErCi.a1/:inmstrial. ama, if 1 mile or less: 

Dist:alD! to natiae1 or state pane, fm::est, or wild] ife :reserve, if 2 
miles or less: 

Dist:alD! to :cesidential. ama, if 2 miles or 1ess: 

Dist:alD! to agriailb.Iral. l.ani in prcduct:ial within past 5 years, if 1 
mile or 1ess: 

Dist:alD! to prime agricu].b.Iral. l.ani in producti.a1 within past 5 years, if 
2 miles or 1ess: 

Is a bi.staric l.anmerk site {Nat:ialal. Register or Histaric. Places aid 
Natiae1 Nabiral lill'DIEllics) within the view of the site? 

12 



FIRE AND EXPLOSION 

1. CONT A I PfttENT 

Hazardous substances present: 

Type of containment, if applicable: 

2. WASTE CHARACTERISTICS 

Direct Evidence 

Type of instrt111ent and measurements: 

Ignitabil ity 

Compound used: 

Reactivity 

Most reactive compound: 

Incompat1b111ty 

Most 1ncompat4ble pair of compounds: 

... 



Hazardous Waste Quantity 

Total quantity of hazardous substances at the facility: 

Basis of estimating and/or computing -aste quantity: 

3 TARGETS 

Distance to Nearest Population 

Distance to Nearest Building 

Distance to Sensitive Environment 

Distance to wetlands: 

Distance to cr;tical habitat: 

Land Use 

Distance to conmercial/industrial area, if 1 mile or less: 



Distance to national or state park, forest, or wildlife reserve, if 2 miles 
or less: 

Distance to residential area, if 2 miles or less: 

Distance to agricultural land in production w;thin past 5 years, 1f 1 mile 
or less: 

Distance to prime agricultural land in production w;thin past 5 years, if 2 
miles or less: 

Is a historic or landmark site (National Register or Historic Places and 
National Natural Landmarks) within view of the site? . 

Population Within 2-Mile Radius 

Buildings Within 2-M11e Radius 

... 

.. 



DIRECT CONTACT 

1. OBSERVED INCIDENT 

Date, location, and pertinent details of incident: 

2. ACCESSIBILITY 

Describe type of barrier(s): 

3. CONTAINMENT 

Type of containment, if applicable: 

4. WASTE CHARACTERISTICS 

Toxicity 

Compounds evaluated: 

Compound with highest score: 

.. 



5. TARGETS 

Population w;lhin one-mile radius 

o;stance to critical habitat (of endangered species) 

.. 



Facility Name: Gulf Chemical and Metallurgical Co. 

Location: LAT 28° 57 I 22" LONG 95° 20 I 17" 

EPA Region: VI 

Person(s) In Charge of the Facility: Gerald w. Walker (Plant Manager) 

Harold L- llewman (Director of Environmental Affairs) 

110bo I Jones 

,-}-./i/1 
? /7'-

General Description of the facility: 

Date: August 8, 1988 

(For example landfill, surf~ce impoundment, pile, container; types of 
hazardous substances; location of the facility; contamination route of 
major concern; types of information needed for rating; agency action, etc.) 

Gulf Chemical and Metallurgical (GCMC) operates a metals recovery process extracting molybdenum 

and vanadium from spent oil - refinery hydro-desulfurization catalyst. Prior to processing, the 

spent catalyst is stored in a pile on a concrete pad walled on three sides. After extraction the 

tailings left over are stored in three on-site surface impoundments 

The contaminants of concern are Molybdenum, Vanadium, and ammonia. 

Scores: SM = 8.05 ( Sgw a 9.98 SSW a 9.70 Sa = 0 ) 

SFE a o 

Soc a o 

FIGURE 1 
HRS COVER SHEET 



Ground Water Route Worlc Sheet 

I Ass1gnee1 Value P1Ult1• Max. Ref. 
Rati-nQ Factor (Circle One) plier Score Score Section) 

[1] Observed Release 0 45 1 0 45 3.1 

lf observea release 1 S given a score ot 4:,, proceea to 11ne L4J. 
If observed release i s oiven a score of o. proceed to line [21. 

• 
[2] Route Characteristics 

o(D2 
.: 3. 2 

- Depth to Aquifer of 3 2 1 6 
Concern 

0©2 
.· 

Net Precipitation 3 1 1 3 
Permeability of the ©1 2 3 1 0 3 

Unsaturated Zone 
Physical St ate 0 1 2@ l 3 3 

Total Route Characteristics Score 15 
5 

(3] Containment 0©2 3 1 1 3 3.3 

[4] waste Characteristics 3.4 
Toxicity/Persistence 0 3 6 9 12 1sq © 1 18 18 
Hazardous Waste 0 1 2 3 4 5 7 8 1 8 8 

Total Waste Ch aracteri st i cs Score 26 26 

[5] Targets 3.5 
Ground Water Use 0 1 2 <p - 3 9 9 
Distance to Nearest 0 4 6 10 1 35 40 
Well/Population 12 16 18 20 .. 

Served 24 30 32@40 ·• ·., .. 
" 

. 

Total Targets Score 
.. 

49 44 
. 

-t- . .. , 
[6] If line [1] is 45, multiply [l] x [4] x ).Sl ::. 5720 

If 11ne [1] is o, multiply [2] x [3] x [ ].x [5] 57,330 .. ,... . .. -~.--.• 

[7] Divide line [6] by 57,330 a_nd multiply 
. ·i::·. -·~ 

b{flO~\ •. Sgw • 9.98 
~ .a. 

•. 



... 

Surface Water Route Sheet . 

I Assigned Value MUiti- fWlax. Kef. 
Ratina Factor (Circle One) plier Score Score Section) 

[ l] Observed Release 0 45 1 0 45 4.1 

. !T ooservea release 1 S given a score of 45, proceed to 11ne L~J. 
If observed release is given a score. of 0, proceed to line [2]. 

[2] Route Characteristics 
@1 2 3 

•• 2 
Facility Slope and 1 0 3 -- Intervening Terrain 

1-yr. 24-hr. Rainfall 0 1 2G) 1 3 3 ~ 

Distance to Nearest 0 1©3 2 4 6 
Surface Water 

Physical State 0 1 2G) 1 3 3 

Total Route Characteristics Score 10 15 

[3] Containment 0 1@3 1 2 3 4.3 

[4] Waste Characteristics 
1sO@ 

4.4 
Toxicity/Persistence 0 3 6 9 12 1 18 18 
Hazardous Waste 0 1 2 3 4 5 6 7 8 1 8 8 
Quantity 

Total Waste Characteristics Score 26 26 

[5] Targets 

'P@ 
4.5 

Surface Water Use 0 1 3 6 9 
Distance to a 0 1 - 2 6 6 
Sensitive Environment 

Population Served/ ~ 4 6 8 10 1 0 40 
Distance to Water Intake l 16 18 20 

Downstream 24 30 32 35 40 . 

Total Targets Score 12 55 

(6] If ltne fll is 45, multiply [1] x [4] x [5] 
If 1 t ne 1] 1s o. multiply [2] x [3] x [4] x [5] 6240 64,350 

[7] Divide line [6] by 64,350 and multiply by 100 SSW• 9.70 

FIGURE 7 
SURFACE WATER ROUTE WORK. SHEET 



. 
Air Route Work. Sheet 

Ass1gnee1 Value Multi- Max. Ref. 
Rating Factor (Circle One) plier Score Score Section) 

[1] Observed Release 0 45 1 45 5.1 

Date and Location: 
• 

-- Sampling Protocol: . 

If line [1] is 0, the Sa = 0, Enter on line [S]. 
If line [1] is 45, then proceed to 1 i ne [2]. 

[2] Waste Characteristics 5.2 
Re act i v i t y and 0 1 2 3 l 3 
Incompatibi1 ity 

Toxicity 0 1 2 3 3 9 
Hazardous Waste 0 1 2 3 4 5 6 7 8 1 8 
Quantity 

·• Total Route Characteristics Score 20 
~ 

[3] Targets 5.3 
Population Within 0 9 12 15 18 1 30 
4-Mile Radius 21 24 27 30 

Distance to Sensitive 0 l 2 3 2 6 
Environment 

Land Use 0 l 2 3 l 3 
-

. 
-. 

• Total Targets Score 39 ::-::.- .. 
·.:. 

[4] ~~ltiply [1] X [2] X [3] 35,100 
. -~· . 
. ·~ ... 

[ 5 ] D'J·V i de l t n e [ 4 ] by 3 5 , l O 0 and multiply by 100 Sa= 
. =tt-

FIGURE 9 
AIR ROUTE WORK SHEET 



v,2 .,2 .,'f,.n ..... •• •• • 

9.98 

9.70 . 

FIGURE 10 
WORKSHEET FOR COMPUTING SM 

• 

. . . 
·•. 

... 

,. 
99.60 

94.09 

0 • 

152.45 

13.92 

8.05 



... 

I Fire and Explosion Work Sheet 
I 
I 
I 

Assigned Value 1Mult1- l1 ax. Ret. 
Rating Factor (Circle One) plier Score Score Section) 

[l] Containment 1 3 1 3 7.1 

. 
[2] Waste Characteristics 7.2 

Direct Evidence a 3 1 3 • 
Ignitability a l 2 3 l 3 
React 1 vi ty 0 1 2 3 l 3 -- Incompatibility 0 1 2 3 1 3 ~ 

Hazardous Waste a 1 2 3 4 5 6 7 8 1 8 
Quantity 

Total Waste Characteristics Score 20 

(3] Targets 7.3 
Distance to Nearest 0 l 2 3 4 5 l 5 
Population 

Distance to Nearest 0 1 2 3 1 3 
Building 

Distance to Sensitive O 1 2 3 1 3 
: Environment 

Land Use 0 1 2 3 l 3 
Population Within 0 1 2 3 4 5 1 5 

2-Hile Radius 
Buildings Within 0 1 2 3 4 5 1 5 

2-Mile Radius 

-

Total Targets Score 24 .. 

[4] Multiply [1] X [2] X [3] 1,440 

[5] Divide 11ne [4] by 1440 and multiply by 100 SFE • 

·~ FIGURE 11 
-~· FIRE AND EXPLOSION WORK SHEET 



Direct Contact Work Sheet 

Ass1gned Value I Multi- Max. Ket. 
Rating Factor (Circle One) plier Score Score Section) 

[l] Observed Incident 0 45 1 45 8.1 

. 
If 1 i ne [l] is 45. proceed to line [4] 
If 1 i ne [l] is a, proceed to 1 i ne [2] • 

-
[2 J Accessibility 0 1 2 3 1 3 8.2 

r 3] Containment 0 15 1 15 8.3 

[4] Waste Characteristics 
Toxicity 0 1 2 3 5 15 8.4 

[5] Targets 8.5 
Population Within a 0 l 2 3 4 5 4 20 
1-mile radius 

Distance to a 0 l 2 3 4 12 
Critical Habitat 

-

.. 

.. Total Targets Score 32 

. . . 
[6] If line [1] is 45, mulitply [1] x [4] x [5] 

If line [1] is o, multiply [2] x [3] x [4] x [5] 21,600 .... -. 
.. 

[7] Divide 11ne t.&l 
.:~->· 

by 21,600 and multiply by 100 5oc = 
.. 

·'•. 
. 

;= --.-. ... :;:. 

FIGURE 12 
DIRECT CONTACT WORK SHEET 

, ... ~-
·.:-:·. 
i>: ~- .. 
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Table 1.--stratigraphic and Hydrogeologic Framework of Part of the Coastal Plain of Texas 

Era System Series Stratigraphic Units Hydrogeologic Units Selected Faunal Markers Remarks 

I Holocene Alluvium .. Beamnont Clav Quaternary System undiffer-" i': ... 
Pleistocene Montaomerv Formation Chicot aquifer entiated on sections • .. .. 

&" Bent lev Formation 
Willia Sand 

Pliocene Goliad Sand Evangeline aquifer Goliad Sand overlapped east of 
Lavaca Countv. 

Fleming Formation ~ J>ot,m1itles mcJtsuni 
confining 8igc•uerimi 11odo!e&1ria 11c.1r. ,lin•c-ta 

r-----:: Biieuerina lmmblei 
.-\mplristegint.1 sp. Oakville Sandstone included in 

Oakville Sandstone Fleming Formation east of 
Washington County. 

Miocene s Upper part of 
Jasper aquifer 

u Catahoula Tuff 
s Catahoula Tuff b or Sandstone "' Catahoula Tuff designated as 

"7 
u or Sandstone • Diuorbis nomacl,1 Catahoula Sandstone east of 

u r u Anahuac Formation Discorbis grave/Ii Lavaca County. ... f Catahoula H<'t<•rostegi11c1 sp. 2 
"'-7 

r 

Ii a f confining All1rgim1lina idiomorpha Anahuac and "Frio" Formations 

!:l C a system may be Oligocene in age. 

i': 

'""' 
e C "Frio" Formation (restricted) ·1extul,1ria mississippiensis .. e .. Surface Subsurface Textufurici wa"eui Frio Clay overlapped or not .. .. Oligocene (7) Frio Clay Vicksburg Group recognized on surface east of .. .. eauivalent Live Oak County. 

l'--7 Fashin1t Clav Member 

!l" Calliham Sandstone Member or Indicated members of Whitsett 

"'? 
e Tordilla Sandstone Member Formation apply to south-

" Whitsett Dubose Member Ali.1r,fi,rulin11 cocoaensis central Texas. Whitsett 

" Formation Deweeaville Sandstone Member Formation east of Karnes 

'" 0 Conouiata Clav Member 1('xtularia /rockleyensis County may be, in part or in ., 
"" Dilworth Sandstone Member Not discussed Ald.uilim.1 pratti whole Oliaocene in aae. u 

"' ManninR Clav as hydrologic units .., 
Wellborn Sands tone in this report. ·1·,ixt11ldri1-1 ,libollensis 

Eocene Cadde 11 Formation 
Ye1tua Formation No11io11dla cockfieldensis .. Cook Mountain Formation Discorbis yeg11aensis e -

0 ~ Sparta Sand Eponides yeguaensis 
~e Weches Formation Ceratobulittaitt4 exinria .. " Oueen Citv Sand ... 
u Reklaw Formation 

Carrizo Sand 
Wilcox Groun 

Paleocene Hidwav Groun 

_. ~•, ' czr:sr_,,_..,....,..........,. 
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Geol09y from Barnes (19680, b; 1974a, 
b; 1975) and modified from Darton, 
Stephens011, and Gardner 0937) and 
fram Barnoa (1976a, b, cl 
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EXPLANATION 

STRATIGRAPHIC BOUNDARY·· 
Dashed where approaimately located 

HYDROLOGIC BOUNDARY (approaimatel-· 
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and younger units 
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solids. Estimated from electric 1091 
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.:.. 
subsurface correlations of the Catahoula-Fleming 
contact, as well as formation thicknesses, will continue 
to differ. 

Burkeville Confining System 

The Burkeville confining system, which was named 
by Wesselman (1967) for outcrops near the town of 
Burkeville in Newton County, Texas, is delineated on 
the sections from the Sabine River to n_ear the Rio 
Grande. It separates the Jasper and Evangeline aquifers 
and serves to retard the interchange of water between 
the two aquifers. 

The Burkeville has been mapped in this report as a 
rock-stratigraphic unit consisting predominantly of silt 
and clay. Boundaries were determined independently 
from time concepts although in some places the unit 
appears to possess approximately isochronous 
boundaries. In most places, however, this is not the case. 
For example, the entire thickness of sediment in the 
Burkeville confining system in some areas is younger 
than the entire thickness of sediment in the Burkeville in 
other places. 

The configuration of the unit is highly irregular. 
Boundaries are not restricted to a single stratigraphic 
unit but transgress the Fleming-Oakville contact in many 
places. This is shown on sections D-O' to G-G' and J-J' 
(Figures 5-8 and 11 ). Where the Oakville Sandstone is 
present, the Burkeville crops out in the Fleming but dips 
gradually into the Oakville because of facies changes 
from sand to clay downdip. 

The typical thickness of the Burkeville ranges from 
about 300 to 500 feet (91 to 152 m). However, thick 
sections of predominantly clay in Jackson and Calhoun 
Counties account for the Burkeville's gradual increase to 
its maximum thickness of more than 2,000 feet (610 m) 
as shown on section F-F' (Figure 7). 

The Burkeville confining system should not be 
construed as a rock unit that is composed entirely of silt 
and clay. This is not typical of the unit, although 
examples of a predominance of silt and clay can be seen 
in some logs in sections H-H' and 1-1' (Figures 9-10). In 
most places, the Burkeville is composed of many 
individual sand layers, which contain fresh to slightly 
saline_ water; but because of its relatively large 
percentage of silt and clay when compared to the 
underlying Jasper aquifer and overlying Evangeline, the 
Burkeville functions as a confining unit. 

-40-

Evangeline Aquifer 

The Evangeline aquifer, which was named and 
defined by Jones (Jones, Turcan, and Skibitzke, 1954) 
for a ground-water reservoir in southwestern Louisiana, 
has been mapped also in Texas, but heretofore has been 
delineated no farther west than Washington, Austin, 
Fort Bend, and Brazoria Counties. Its presence as an 
aquifer and its hydrologic boundaries to the west have 
been a matter of speculation. D. G. Jorgensen, W. R. 
Meyer, and W. H. Sandeen of the U.S. Geological Survey 
(written commun., March 1, 1976) recently refined the 
delineation of the aquifer in previously mapped areas 
and continued its delineation to the Rio Grande. The 
boundaries of the Evangeline as they appear on the 
sections in this report.are their determinations. 

The Evangeline aquifer has been delineated in this 
report essentially as a rock-stratigraphic unit. Although 
the aquifer is composed of at least the Goliad Sand, the 
lower boundary transgresses time lines to include 
sections of sand in the Fleming Formation. The base of 
the Goliad Sand at the outcrop coincides with the base 
of the Evangeline only in South Texas as shown in 
sections H-H' to K-K' (Figures 9-12). Elsewhere, the 
Evangeline at the surface includes about half of the 
Fleming outcrop. The upper boundary of the Evangeline 
probably follows closely the top of the Goliad Sand 
where present, although this relationship is somewhat 
speculative. 

The Evangeline aquifer is typically wedge shaped 
and has a high sand-clay ratio. Individual sand beds are 
characteristically tens of feet thick. Near the outcrop, 
the aquifer ranges in thickness from 400 to 1,000 feet 
(122 to 305 m), but near the coastline, where the top of 
the aquifer is about 1,000 feet (305 m) deep, its 
thickness averages about 2,000 feet (610 m). The 
Evangeline is noted for its abundance of good quality 
ground water and is considered one of the most prolific 
aquifers in the Texas Coastal Plain. Fresh to slightly 
saline water in the aquifer, however, is shown to extend 
to the coastline only in section J-J' (Figure 11 ). 

Chicot Aquifer 

The Chicot aquifer, which was named and defined 
by Jones (Jones, Turcan, and Skibitzke, 1954) for a 
ground-water reservoir in southwestern Louisiana, is the 
youngest aquifer in the Coastal Plain of Texas. Over the 
years, the aquifer gradually was mapped westward from 
Louisiana into Texas where, heretofore, its most 



.,. westerly mapped limit was Austin, Fort Bend, and 
Brazoria Counties. In this report, the delineation of the 
Chicot was refined in previously mapped areas and 
extended to near the Rio Grande by D. G. Jorgensen, W. 
R. Meyer, and W. M. Sandeen of the U.S. Geological 
Survey (written commun., March 1, 1976). 

It is believed that the base of the Chicot in some 
areas has been delineated on the sections in this report as 
the base of the Pleistocene. Early work in Southeast 
Texas indicates that the Chicot probably comprises the 
Willis Sand, Bentley Formation, Montgomery 
Formation, and Beaumont Clay of Pleistocene age and 
any overlying Holocene alluvium (Table 1 ). The problem 
that arises in this regard is that the base of the 
Pleistocene is difficult to pick from electrical logs. Thus 
any delineation of the base of the Chicot in the 
subsurface as the base of the Pleistocene is automatically 
suspect. At the surface, the base of the Chicot on the 

sections has been picked at the most landward edge of 
the oldest undissected coastwise terrace of Quaternary 
age. In practice, the delineation of the Chicot in the 
subsurface, at least on the sections in Southeast Texas, 
has been based. on the presence of a higher sand-clay 
ratio in the Chicot than in the underlying Evangeline. In 
some places, a prominent clay layer was used as the 
boundary. Differences in hydraulic conductivity or 
water levels in some areas also served to differentiate the 
Chicot from the Evangeline. 

· 41 -

The high percentage of sand in the Chicot in
Southeast Texas, where the aquifer is noted for its 
abundance of water, diminishes southwestward. 
Southwest of section G-G' (Figure 8) the higher clay 
content of the Chicot and the absence of fresh to 
slightly saline water in the unit is sharply contrasted 
with the underlying Evangeline aquifer that still retains 
relatively large amounts of sand and good quality water. 
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ff//J/f'f .. . . 
REGION SITE NUMBER (lo be a-■lfn-

&EPA POTENTIAL HAZARDOUS WASTE SiTE ed br Hq) 

SITE INSPECTION REPORT 6 TX0518S:~-
GENERAL INSTRUCTIONS: Complete Sections I and DI throuch XV of this Conn as completely as poa■ible. Then use the infonna• 
tioa OD tbis form to dewelop a Teatat•ve Disposition (Section II). File this Corm in its entirety in the recional Hazardous Waste Log 
File. Be sure to include all appropriate Supplemental Reports in the file. Submit • copy of the fonns to: U.S. Environmental Pro-
tectioa Agency; Sita Trackinc System; Hazardous Waste Enforcement Tack Force (EN·33S); 401 M St., SW; WaahinctoC\, DC 20460. 

I. SITE IDENTIFICATION 
A. SITE.NAME 8. STREET (or other ldentlllat) 

Gulf Chemical & Me.tallurgical Co. 302 Midway Road 
C. CITT "I O. 5TATE; 1 .. 77,541_., .. P, Cuw,. 1 t NAM!;; 

Freeoort TX Brazoria 
G. SITE OPERATOR INFORMATION 
I. NAM. a. TltL.ltPHONII NUMBIIIIII 

Gulf Chemical and Metallur.5lical Co. (409)233-7882 
~- - - - - - - -i·-~~~; - - - - - - ,. •~;T• I 2;7~0;:-

-I. STA&llT 

Same 
"• Rl:.AL. l T "'""""'" ll'lr_" __ 11ul'I {II au,aron, trom operator ot au•J 

t. NAM& a. TEL.ltPMONE NUM&ltA 

Gulf Chemical and ~ta ..!J. urg i ca.1_ Co. Same 
i- - - - - - ·- - - - - - - a.STATE r-2iPco0'i'"" -lo CIT., 

I. SITE DESCRIPTION 

Metals Extraction Facilitv 
J. TYPE 01' OWNERSHIP 

D ,. l'IEDIAAL D 2. STATE 0 3. COUNTY 0 4. MUNICIPAL (!] I. PRIVATE 

U. TENTATIVE DISPOSITION (complete this section last) 
A. UTIMATE OATI 01' TENTATIVE·, a. APPARENT SERIOUSNESS 01' PROBLEM 

DISPOSITION (atdo, .dr,. • vr>). 0 I. HIGH 0 2. MEDIUM CT[) 3. LOW 0 •• NONIE 

C. PREPARER INFORMATION 

I. NAMll I (z;;;~;;~;q~u;BEA 
1 •· OATS ~1110,, dar,.,,.,. 

n;:ivin w n,,nn 
Ill. INSPECTION INFORMATION 

A. PRINCIPAL INSPECTOR lNl'ORMATIOJII 
I. NAM& L TITL.lt 

Philip S. Liang - Project Engineer ..,_, ____ - - - - - - - - - 7 •• T(~i;~t;~_o2;;; COde. no:; 
1. ORGANIZA TIO• 

Engineering-Science, Inc. 
I 

8. INSPltCTION PARTICIPANTS 

: . NAl,llt a. 0AGANl2ATION J. Tl>L.SPHONlt NOo 

David W. Dunn Engineering-Science, Inc. (713)943-2922 

Philio S. Lianq Enaineerina-Science. Inc. (713)943-2922 

C:. SITE REPRESENTATIVES INTERVIEWED (corporate olllcla/a, _,lrere, , .. ldanl•J 

,. NAM. z. TITL.lt II TELIEPMONS NOo I• A00RESI 

Gerald W. Walker 
Plant Manager JU£ Midway Road, P .0. !SOX 2290 
(409}233-7882 Freeoort. TX 77541 
~ire}tor of 1nv. Affai ·s HighwaC FM 519, P.O. Box 2130 

Harold L. Newman 713 945-441 Texas ity, TX 77590 

-
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COfttlRWCI Fr«a Front 
Ill. INSPECTION INFORMATION (conrinuea) 

0. GENEAATOII INl"OAMATION (e-cH ot •••t•J 
t. N&MC a. T•l.&P .. ONII NO, J. ADDRSSS •• NASTI!: TYPlt <.ENERATED 

Gulf lhemica1 & 302 Midway Road ::>0110 wa~Le In Tur 11 

Metal uraica (409)223-7882 FrePnort. TX 77541 of tailinqs from p ocess 

E, TAANSPOIITIFt/HAUI.KA INl"OAMATION 

I. NAMII ""I I, Tltl.CPHONII NO, J. ADDRSIS ,.WASTE TYPlt TRANSPORT£:: 

None 

II'. 111' WASTS IS PAOCKSSIE0 ON SITE AND Al.SO SHIPPl0 TO OTHER SITES, IDENTIFY OFF•SITE FACII.ITIES USEC FOR OISPOSAL. 

I. NAMII I, TCl.l:PMONE NO, J, ADDRESS 

Nnne. exceot surf, ce imooundment ~4 located 9 miles from plant. 

G, DATE 01' INIPEC:TION H, TIME 01' INSPECTIO~ I, AC:CESS GAINED &Y:(credanCJa/a o,uat lie shown in el/ c••••> 
':ti ~7P.'a""'· 1oi9qna~ ... - {iJ I, PltRMISSION 0 2. WARRANT 

J. WEATHER (dHorl.11•> 

Sunnv. clear. 7QOF. wind approximate 5 mph . IV. SAMPLING INFORMATION 
A, lofilllr '%' for tho tnte••of •-pie• talu111 ■ad lndlc:■te where they have been sent e,1,, regional lab, other EPA lab, conuactor, 

etc. aod estimate whee tho re•1alt• will be available. 

l,SAMPI.C •• CATE 

1. SAMPI.C TYPC TAICCN J, IAMPI.S: IIINT TO: RESUL. TS 

'111ar1''%') AVA:1..ABL.E 

•• GIIOUNDWA TIEii None taken See Attachment A. 
II. SUllll'ACC WA TCR 

c. WASTC I 

d. &Ill 

-. IIUMOll'II' 

f. SPII.&. 

Co SOIi. 

II. VIICICTATION 

&. OTNCllfapacllr> 

a. l'ISL0 MIIASUREMSNTS TAICl!N , ••••• tedloeed•ltr, • .,.,..,.,.,,., PII, •tc•> 
I, T"l'PS I, L.OCATION 011' MaASURl:MENTS J.R£SUI.TS 

None taken See Attach1 hent A. 

I 
-
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Continued From page 2 

IV. SAMPLING INFORMATION (continued; 

C:, PHOTOS 
t. TYPII OF PHOTOS I Z, PHOTOS IN C:UST001' OF: 

(X] •• GROUNO D b. AERIAi, U.S. EPA Region 6 
D, SITE MAPPED? 

(XJ YES, SPEC:1,Y LOCATION o, MAPS: See 7-1/2 1 
Quad of Freeport & attached maps. 

E, C:OOADINATES 

1. I.A Tl T UOE (de1, ... in.•■ •c,) I z. LOg~G~T~OQE/d;•;:in~aec,) 
;)RO 'ifi I 22" N 

V. SITE INFORMATION 
A. SITE STATUS 

Ju I, ACTIVE (Tllo■• lnducrrie/ or CJ Z, INACTIVE (Tltoae ~ 3. 0 THER (sptrcity): 
municipal aitea w/llc/1 are bein, uaed ait•• wh,ch no lonQrtr recei vrt (Those sites rh•r include such incidents like 11midniQht dumpin1•• 
tor waat• trtraanant, •tor•••• or dlapoael .... , ... , wlttrre no ,e,uler or conrinuint1 use ot the •ii• for waate diapoaaf 
on • conrinuinl baaie, evtrn It In/re• ha• occurred,) 
qvently,) 

B, IS GIENERATOA ON SITIE? 

0 I.NO Ci) Z, YES(apecUy ,enereror'a lour-di,11 SIC Code): 3341 

c;, AREA OF SITE (In acreeJ D, ARE THERE BUILDINGS ON THE SITE' 

30 □ I.NO [X] Z, YES(apecifyJ: Plant process buildings 

VI. CHARACTERIZATION OF SITE ACTIVITY 
Indicate the major site activity(iea) and details relating to each activity by marking 'X' in the appropriate boxes. 

X 
* 

X' 
* 

x· 
C, TREATER* 

x· - A, TRANSPORTER - B, STORER - ,_ D, DISPOSER 
X y y 

I.RAIL , y I. PILI: I.FILTRATION I. LANDFILL 

Z,IHIP X &,SURFACE IMPOUNOMENT Z, INCINERATION Z, I.ANOFARM 

). BARG&: S.OAUMS 3, VOLUME REOUC:TION 3, OPEN OUMP 

X •• TRUCK ••TANK.ABOVE GROUND ·x ◄• RECYC:LINGIREC:OVERY •. SURFACE !MPDUNCMENT 

9, PIPE I.INK S. TANK, BELOW GROUNO S. C: HEM.IPHYS.ITREA TMENT 5, MIQNIC.MT DUMPING 

8. OTHKR(•FecUyJ: 8. DTHER(8peclfYJ: 11. BIOLOGICAi. TREATMENT 8, INCINERATION - - 7. WASTE OIL REPROCESSING 7, UNOERGROUNO INJECTION 

8-llOI.VENT RECOVERY a. o THER(apecily): 

•• 0 THER(•peclty): --
*Site is not a hazard DUS waste facility bas ed on RCRA testing. N l inactive waste 

management f aci lit ie s are on-site. See At lachment A. 

E, SUPPLEMENTAL REPORTS: tr the •ite (all• within 11117 o( the cateaorlea li ■ted below, Suppleme11tal R eporta mu•I be completed, Indicate 
wllicla Suppl-ftlllll Repo1t• ,vu II•- fUl•d out and auactwd to this for •• 

DI. STO~A;;.. -0 2. INCINERATION D ,. LANDFILL [&:j SURFACE 4• IMPOUNDMENT 0 S. DEEP WELL 

□ CHIEM/810/ 
I, PHYS TREATMENT □ 1. LANOFARM D •. OPEN DUMP 0 9, TRANSPORTER 0 10. RECYCI.OR/REC:LAIMER 

VU. WASTE RELATED INFORMATION 
A, WASTE TYPE 

3J I, LIQUID (!]~SOLID D ,. SLUDGE □ 4. GAS 

B, WASTE CHARACTIERISTICS 

DI. CORROSIVE 0 2, IGNITABLE 0 3. RADIOACTIVE □ 4. HIGHLY VOLATILE 

D •. TOXIC 0 I, REACTIVE IX) 7, INERT D •. FLAMMABLE 

rv1 t. OTHER(-11~1: Wastes are oresentlv classified nonhazardous. 
C, WASTE CATIEG1.1"1ES 

1. Ive NOORI• of •••e• awallable1 Spaei17 lt••• •ueh •• manife■t■ , l11van1ori••• etc. below. 

r.omnanv rPc:nrd and manHest. 
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Continued Frffflt Ftoflt 

VD. WASTE RELATED IHFORMATIOH tcononued/ 

2. Eatimate the amount (specilv unit o/ meesure l or waate by category; mark • X' 10 indica1e which wastes are present. 

•• 51.UOGlt II. 011. c. SOI.VENTS d. CHEMICAL.S t. SOL. 10S i f. Q'\" .. £D 

AMOUNT AMOUNT AMOUNT AMOUflilltT AMOUNT i ..,,..Ow!",i r 

None None None None 3. 2xl06 I None 
UNIT 0,, MIEAIURC UNIT 0,, WIEAIUR& UNIT OP' MltAIUl■ IE UNIT OP' "EASURIE \JNIT OP' Ml[ASURE 1 •JNI., OP' "i,,11£ASWj;i£ 

lb/yr ! .. 
111 :~=~NTI 

.. 
~••:~~~ .. .•. .. ... ~ ... ;..A9QOIAT0DV . - - -~ 11 .. AI.OGIENATltO -'" ACIQS i- •tt FL.VAi ... 

IOI.VINTI ! "'"'"""'AC:&:'.IT, 

a,'o THIEl■ (•P•clt,.J: 
I 

IZI ~~::!":. , - IZI ;:=;~:,;~C:NTO. IZI ::~~~~ ... C: 111 Al ■ &:S'l'OI I IZJ ,..01PtT41. 

IIIPOTW 
~ 31O'1'HCR(•P•c1/,.J: 

131 CAUITICI 131 ~~~~:::~ .. , ..... I 
131 AAOIOACTIVE 

\ 
I AI.UMINUM 11'&:RROUI S"'EI.. Ti 

" 11.UOQ& 
r.at PESTtCIOIES 

''' ING W&S'TIES 
1,&1 MUNIC IP Al., 

I 

- 111 OTH&R(•,,..,IIJ"): ISi OV&:I/INKS 151 ~:~~~~::~~~- u ·~· OTH!:.R(1pec1/'f'/: 

I 

. tel C VANIOIE 
~ 1e1 OTM£R(sp•c1/'f'): 

1) tailings fr pm 
171 PHIi.NOi.i recovery proce iSS 

to be reproces sed 
,a, ,..&\.OQCkS at a later tirr e. 
tlll PCS 2) spent catal yst 

for process inc . 
1101 MIETAI.I 

,, II OTH&R(spec:il,., -. 
O. 1.IST SU8STANCES 011' GREATEST CONCERN WHICH ARE ON TME 31TE (Pl•c• in d.,cendina order ol h•z•rdJ 

2, ll'ORM J. TOXICITY ,-1r•x·, ,,,..,,. 'JC') 
,.suasTANCE •• 10• b. c. VA .. 11. c. ,s. I 4. CAS NUMBER 5. AMOUNT 6. UIIIT 

1.10 I.IQ, P-,R ""1CM Mlt0, 1...::IW NON'4 

Process tailings: X X 
approx. 
3.2xl06 I lb/yr· 

1. Vanadium pentoxide X X X 1314-62-1 Unknown I 
I I 2. Ammonium vanadate X X X 7440-62-2 Unknown I 

' 
3. Vanadium X X X 7803-55-6 Unknown 

VID. HAZARD DESCRIPTION 

F'IELD EVALUATION HAZARD DESCRIPTION: Place an 'X' .in the box to indicate that the listed hazard ex.ists. Describe the 

baa■rd in the space provid■cl. 

0 A. HUMAN Hl!A~ TH HAZARDS 

-
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Continued From Palo 4 ' 

VIII. HAZARD DESCRIPTION (continued) 

□ a. NON-WORKER IN.IURY/l!XPOSURI! 

, 

0 C:. WORICl!R IN.IURY/EXPOSURI! 

0 0. CONTAMINATION OF WATER SUPP\.Y 

0 E. CONTAMINATION OF FOOD C:HAIN 

D F. C:ONTAMINATION OF GROUND WATER 

[i) G. C:ONTAMINATION OF SURFACE WATER 

GCMC has had several self-reported violations from NPDES outfall 001. These violationb 
have included temperature, TSS, T0C, molybdenum, and vanadium. 

IPA ,_ T2070-3 (10-79) PAGE 5 OF 10 Continue On Reverse 



Conri.,.,ed From Front 

VllI. HAZARD DESCRIPTION (continued) 
0 H, 0AMAGlt TO l'LORA/l'AUNA 

"I 

0 I, l'ISH ICILL 

0 J. CONTAMINATION 01' AIR 

0 IC, NOTICEABLE ODORS 

(iJ I.. CONTAMINATION 01' SOIL 

~contamination of soil is possible and may have occurred in some areas. Of particu- . 
lar concern is the stormwater holding ditch that contains the runoff from the plant l 
during testing (prior to release). Metal precipitates or particle settling may have. 
i.ncreased the metals concentration in the area. Other areas cf concern are the dike 
areas and the area between ponds 1 and 3 (due to apparent overflow). ~ 

D M. PROPl!RTY OAMAGI! 

l!PA ,_ T2070-J (10-79'1 PAGE 8 OP' 10 Contiru,e 011 P•I• 1 
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Continued From page 6 

VIII. HAZARD DESCRIPTION (continued) 

(!] N, ,iRa: OR EXPLOSION 

The plant recently had a fire in its solvent extraction process that has significantly 
curtailed reprocessing the surface impoundment water. 

, 
(iJ 0, SPILLS/LEAKING CONTAINERS/RUNOFF/STANDING LIQUID 

As a result of the fire, solvent and tailings material were discharged onto the ground 
and collected in the stormwater runoff ditch. This spill contaminated a large section 
of the plant area. 

0 ~• SEWER, STORM DRAIN PROBLEMS 

0 Q, EROSION PROBLEMS 

CJ R, INADEQUATE SECURITY 

D s. INCOMPATIBLE WASTl:S 

l!PA ,_ T207N (10-79) PAGE 7 0F 10 Continue On RevCtr'Se 



VIll. HAZARD DESCRIPTION tc:on11nued1 

D T. MIDNIGHT DUMPING 

"'I 

0 U, OTHltR (.,_.II)'): 

• 

IX. POPULATION DIRECTLY AFFECTED BY SITE 

I C. APPROX. NO, OF PEOPLE 0. APPROX. NO. ~. OISTAN.CE 
A, LOCATION 01' POPULATION B, APPROX, NO, AFFECTED WITHIN OF SUIL.OING~ TO SITE 

pfXn'tE0:Ht"5~~E,f l1 Pl :ant Uc,N~i ~REinnri A D 1 ::i~/ EflJ~ 0~1 I ef+~ty ~~~ /I 

I. IN IISIIOSNTIAI. All&Aa 11,000 150 11,000 150 50 
1-2 2-3 

3,600 mi. mi. 
IN COMMSIICIAI. <1 2-3 1 • 011111 INDU9TIIIAI. Alll&Aa 300 25 300 25 10 10 mi. mi. 
IN PU81.ICI.Y 9,400 4,000 9,400 4,000 0 0 <1 <1 

•· T1111ava1.1.aa .a.11saa mi. mi. 
' PU■I.IC uas Alll&Aa 2,000 0 2,000 0 3 0 

<l 2-3 .,,,.,,, ...... , .. -,. lmi. mi. 
X. WATER AND HYDROLOGICAL DATAl.L-'Lr.mer l.1111. 1 11 •• l.U - UjJtJ~l Chico· 

A. OEPTMI TO GROu11DWA TltA(.....,lp 111111) 8. OIAl!CTION OF Fl.OW C, GROUNl)WATl!:R U51!: IN V11;IN1 

4-10',30-40',]5-25',90-140'* SISE (Shallow) ~su<cU ·.variab e{ClJ) monitorinQ (Pond 41 
0, -OTENTIAI. YISLO o,- AQUIFER £, DISTANCE TO CRINICING WATER SUPPL. V I'. OIRt!CTION TO ORINICING WATER SUPPL V 

0-2000 gpm (Chicot) ,.,,..,(! i'' .,., ...... , . m, es West 
G, TYPE 0" OAINICING WATIER SUPPLY 

- -· 
D ,. NON-COMMUftlTV < II CONN&CTIONS-

CXI 2. COMMUNITY ,.,,..,,,, to_,, 
- > 1S CONN&CTIONS 

Dow Chemical's water wells 

D J. SUAl'ACS WATltll Ci) t. WELL 

IPA,_ 1'207W (1N9I PAGE 8 OF 10 Concrnue On P•I• 9 
* Initial value is saturated zone depth in feet for 'Pond 4' while the second figure is 
depth to static water in the Chicot aquifer. The third value indicates static levels 1n 
the lower Chicot at the main plant and the final value shows static levels for the more 
heav11y drawn upper Chicot. 



Continued From Patle 6 

X. WATER AMO HYDROLOGICAL DATA<conllnued) 

H. L.IST AL.L ORINKING WATER WELL.SWITHIN A 1/e MIL.! RADIUS OF SITE 
,. e. 

NON•COM• COMMUN• 
I, Will.I. z. 01:PTH l, LOCATION "'UNITY ITV 

( •P•Cill' 111111) (proaimuy to population/ blllldlna•J <•••Ir 'X') , • .,,. •x•, 

None 
, 

I. RECEIVING WATER 

I• NAMI! l: , ....... (XJ J. STAl!AM8/AIVl:AS 

Brazos River 
□ '.:..:AK~RC~vo~• □ .. OTHIEA(apecllr): ------- - - - - - - - - - - - -·• SPCCIP'Y USIE AND C:I.ASSIP'IC:ATION OP' RIEC:lllVING WATIEAS 

Brazos River Basin, Segment 1201: 
contact recreation, noncontact recreation, and propagation of fish & wildlife 

XI. SOIL AND VEGITATION DATA 
LOCATION OF SITE .'5 IN: . 
DA. KNOWN l'AUI.T ZONE O B. KARST ZONE Ci) C. 100 YEAR Fl.000 PLAIN D o. WETI.ANO 

Velasco DraiAage District 
(!] E. A REGULATED FI.OOOWAY D F. CRITICAL. HABITAT 0 G. RECHARGE ZONE OR 501.E SOURCE AQUIFER 

XII. TYPE OF GEOLOGIC.AL MATERIAL OBSERVED 
Mark 'X' to indicate the type(s) of 1eolopcal material obae"ed and specify where necessary, the component parts. 

• X 'X x• - A. C.VERBUROEN - B. BEDROCK (epecllr, ll•lo•) - C. OTHER (apeclt,, llefow) 

t.SANCI 

X a. CL.AV X 

I. GAAl/ltl. 
I 

XIn~ SOIL PERMEABILITY 

0 A. UNKNOWN 0 B. VERY HIGH (100,000 10 1000 c,n/Hc.) 0 C. HIGH (1000 to 10 cm/HCo) 

0 0. MODERATE (10 IO ,I crn/HCo) 0 E. I.OW (.I ro .001 ctn/He,) (JO F. VERY LOW (.001 to .00001 cat/HCo) 

Go RECHARGK AR..,,. 

DI.YES Ci) Z. NO J. COMMENTS: 

H. DISCHARGE AREA 

DI.YES CX) Z. NO 3. CO ... ENTS: 

1. SI.OP.., 

I• ltSTIMATlt ,a. OP' SL.OPS I 
&. IPllCIP''I' OIAllCTION 01' SL.01111, C:ONOITION OP' SL.OPE, ltTC. 

Flat ( 1s~s than In general, slopes toward south 
J, OTHER Gi:...ii:.1;1G1c;;A1. ..,,. 'A 

The outcroppidigeologic stratum is Recent-Quaternary age alluvium (clay, silt, sand, 
and gravel wit organic matter) derived from backswamp, coastal marsh, levee, and 
stream deposits of the Brazos River floodplain low-lying coastal zones. This 
relatively thin veneer of sediments is underlain by Pleistocene age sediments of the* 

EPA Pora T2070-3 (1 ~79) PAGE 9 OF 10 Continue On R.everse 
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Conclnuect From Front 

XIV. Pl!RMIT INFORMATION 
List au appUcabllt permits held by the sate and provide the related anformahon. 

~. l I COMP\..IANCE 

0,0AT! I e:. EXPIRATION ,,,,.,. ·x•, 
A, PIEAMIT TYiatt 8, ISSUING C, P!!:AMIT ISSUEO QATE 

...___ 
<••••RCRA,Stete,Nl'O£S,etc.J AGENCY NUM8IEA (1110..dar,6.YP•J (mo,,dey,4,yr,J t. a. I l . ....... 

ve:s NO i ,<.!"-IC'#N 

I I SWR TDWR 30952 X I - I 

I 
RCRA Interim . EPA TXD074195678 8/18/80 - I 

"'I ! 

NPDES EPA TX0034738 10/9/81 10/8/86 X 

Texas Water Code TOWR 01861 2/22/83 2/21/88 X 
Texas Clean Air 

TArR 11 i:;7 1/Q/7Q X I Art -
Texas Clean Air 

1157R Act TACB 3/9/79 - X 
XV. PAST REGULATORY OR ENFORCEMENT ACTIONS 

0 NONS [D Y!S <•-'•• In thl• •P•c•> 

8/24/76 - Enf. Order 76-53 - Contaminated stormwater 
The plant was cited because it was permitted by TDWR to discharge only from one 

site (001). However, the plant discharged process water only from that outfall, 
allowing the stormwater to drain to one side of the plant and then to be released. 
The stormwater was contaminated with molybdenum, vanadium, nickel and zinc. GCMC 
responded by cleaning the stormwater ditch, constructing a weir dam and placing the 
spent catalyst on pads. A permit (002) was granted for the stormwater outfall. 
(Various other self-reported problems including NH3 wastewater loading and high 
Mo and Va): 

I 

NOTE: Based on the information in Sections Ill through XV, fill our the Tentative Disposition (Section II) information 
on the first page of this form. 
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SURFACE IMPOUNDMENTS SITE INSPECTIOH REPORT 
INSTRUCTION 

An1wer and Esplain 
(Supplemental Report) •• Necessary, 

r. TYPE Of' IMPOUNOME:NT 

Pond 1 Natural clay, above and below grade. Lined with PVC. 
z. ST'1'8ILIT'l'/C0,.0ITION 0, EMBANl(MENTS 

Satisfactory but ~rosion problems on north and south sides. 
J. fYI0£NC:£ CF SIT£iINSTA8ILITT (l!,oe,on, Je1thnl, Slnlr H•I••• e,c,J 

(XJ TIU o .. o Mild erosion problems 
•• £V10ENC:E Of' OISPOSAL 01' IGNITA8L£ OA !1EAC:TIV£ W"STE 

□ Yes CXl HO 

I. ONLY C:OMPATl81.£ WASTES ARE STOAEO OR 015POSE0 OP' IN THE IMPOUNOMENT 

□ YCS ~-
I, "ECOAOS CHECKED POA CONTENTS ANO LOCATION OF EACH SURFACE IMPOUNCMENT 

QYH IX] NO 

7, IMPOUH0MENT HAS 1.IHER SYST£Jlol , 7._ INTEGRITY OF \.INER SYSTEM CHECKED 

(iJ TH ONO PVC CJ TCS IX) HO 

711. ,,, .. o, ..... . . .. 

NA 
I, SOIi. STAUC:TUAE AN0 SU8STRUC:TUA£ 

Unknown 

I, MOMTTl:fl{INl;" WELLS 

□ "tlH C!I NO 

10, CENGTIC;~•ICTH, ANO 0£PTH 

1.CNOTN WIDTN OCPTN • 
11. C:AI.C:ULATEO VOLUMETRIC: C:APAC:ITY 

768,000 ft3 
I z; Pe:1'.:-e:lfn~·c:APAC:ITY REMAINING 

1 ess than 10% 
IJ. ESTIIIJITE l"AE£80AA0 

aoorox • 0.75 ft. 
.. ; S0&;10S""0£JIOSITION 

CC TU □ NO Used to store process tailings. 
IS.-&:llh ... G,,.o. .,lSPOSAL MITHOO 

Reprocessed 1in the unit or shipped to Pond 4. 
11, OTHER l:QUIPMENT 

Corrment: Due to a fire on the solvent extraction unit in early 1984, the plant has 
been forced to store more water than under normal operation. Repairs are 
estimated to take 3-4 months. Ponds 1 and 3 appeared to have overflowed 
based on erosion problems (although mild), discolored slope, and the dis-
colored area between ponds 1 and 3. Discoloration was white and gray. 

-
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SURFACE IMPOUNDMENTS SITE INSPECTION REPORT 
INSTRUCTION 

Ans,.er and E:rplaln 
(Supplemental Report) •• Neersaary. 

r. TYP£ or IMPOUNOMINT 

Pond 2 - Natural clay, above and below grade. Lined with Hypalon. 
z. ST'A81LITY/C:0NOITION o, ltM8AHKM£NTS 

Satisfactory. 
J. EV10£NC:E 01' S,T£11NSTA8ll,.IT Y (Eroe,011, S•rlh"I• Slnl< Hol••• ••c•J 

0Yt:a CXJ •• 
•• ltVIOENC:I 01' 01SP0SAL 01' IGNITASI.£ OR ~£ACTIVE WASTE 

□ •H [iJ .. o 
0

S, ONLY C:OMPATISLE WASTES ARE STORED OA OISPOSED OF IN THE IMPOUNDMENT 

□ •ca (iJ •O 

1. RICOAOS C:HEC:KE0 FOR CONTENTS ANO LOCATION OF EACH SURF AC:E IMPOUNCMENT 

□ YIU r!:)NO 

7,. IMPOUNOMINT HAS LINIR SYSTEM I la. INTEGRITY OF LINER SYSTEM CHEC:KE0 

IXl YIU 0 .. 0 Hypalon □ YIU CX) NO 

Tia. ,, .. o, .. a 

NA 
I. SOI\. STRUCTUR£ AN::J SUISTRUCTUfllt 

Unknown 

f. M0Nl"RUQN~-•&LI.S 

a-.u (XI NO 

10; "CENG1'M;11IOTM, AND 01.PTM 

Ll:NOTN WIOTN OEPTN • 
11. CALCULATED VOI.UNITAIC: CAPACITY 

approx. 272,000 ft3 
1z.· p111.:-clfrol"·c:APACITY REMAINING 

less than 10% 
I .I. ESTlllflE F"R£E80AR0 

aoorox. 1 ft. 
I~ SQl:10S-0£P011TION 

CD YU a .. o Used to store process tailings. 
IJ;"QRlt0GCn<i glSPOSAI. MltTH00 

Reprocessed 1in unit or shipped to pond 4. 
ta. OTH&II EOUIPM&NT 

Comment: Due to a fire on the solvent extraction unit in early 1984, the plant has 
been forced to store more water than under normal operation. Repairs are 
estimated to take 3-4 months. Ponds 1 and 3 appeared to have overflowed 
based on erosion problems (although mild), discolored slope, and the dis-
colored area between ponds 1 and 3. Discoloration was white and gray. 

-



SURFACE IMPOUNDMENTS SITE INSPECTION REPORT 
I HST RUCTION 

An.,.,er and Esplain 
(Supplemental Report) •• Necrsaary. 

r. T'TP£ Of IWPOUN0M£NT 

Pond 3 - Natura 1 clay, above and below grade. Lined with Hypalon. 
-

z. STA8I1.ITY/C0N0ITIOH o, EMBANKMENTS 

Satisfactory·with minor erosion in several areas (north side in particular). 
J. fV•OlNCl 011' SITIE'INSTABILITT (~to ■ion, Se,rtinf, Slnlr H•I••• ••c•J 

(3:) YU ONO Minor erosion on north, east and west sides. 
"· ·gvI0ENC:£ 011' OISPOSAI. 011' IGNITABLE OA !lEACTIVE WASTE 

CJ YU (JI NO 
0

S, QNLT C0"1PATl81.£ WASTES ARIE STORED OR OISPOSEO OF IN THE IMPOUNOMENT 

CJ YU (iJ NO 

1. /IIIEC:ORDS C:HIECICEO ,011 CONTENTS AND LOCATION OF EACH SUAll'ACE IMPOUNOMENT 

CJ TU CXl NO 

7 0 1"1POUN0MENT MAS 1.INIEA SYSTEM I, .. INTEGRITY OF LINER SYSTEM CHECKED 

CXJ YH CJ NO Hypalon D u:s CXJ NO 

, ... ,, .. o, .. u --
NA 

I, $OIL STRUCTURE AN;:> SUBSTRUCTURE 

Unknown 

t. MONTT0"fllll~o'WELLS 

Cl Ylll l!O NO 
-

10, t:IENGTK;-•IOTH, ANO DEPTH 

1.llNOTN 20~ 1 ... .,.. 350 1 
OllPTM 16 1 

11, CA1.Cul.ATltO VOLUMETRIC CAPACITY 

Al;R_QQO ft3 
I z; PEllC:£1i1""'?)rcAPAC:ITY REMAINING 

1.:>c:.c:. th.:in 1nll'. 
I ;a, ESTIMlrTl:-F'III.E80AR0 . 

;1nnr-nv n 11; ft 
1 a;·~L705'"0£l"OSIT10N 

(!J HI CJNO Used to store process tailings. 
is: ORl:DGIH1;i ~•SPOSAL MIETH00 

Reprocessed,in the unit or shipped to pond 4. 
11. OTHER EQUIPMENT 

Comment: Due to a fire on the solvent extraction unit in early 1984, the plant has 
been forced to store more water than under normal operation. Repairs are 
estimated to tak~ 3-4 months. Ponds 1 and 3 appeared to have overflowed 
based on erosion problems (although mild), discolored slope, and the dis-
colored area between ponds 1 and 3. Discoloration was white and gray. 

-
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SURFACE IMPOUNDMENTS SITE IHSPECTIOH REPORT 
INSTRUCTION 

Anawu and Eaplaln 
(Supplemental Report) •• :-t rc:rsa ■ry. 

r. TYPl o, IMPOUNOMlNT 

Pond 4 - Natural clay, above and below grade. 

;z. ST"ABILITY/C:OIIOITION o, EMBANICM£NTS 

Satisfactory/well vegetated. 

J. f'VIOENCI'. o, SITE INSTABII.ITT (l!roeiOlt, Selllin1, Slnll Hol••• eic.J 

D •1:1 IX) .. o 

,. ·,v10£NC£ OF DISPOSAL OF IGNITABLE OR !1EACTIVE WASTE 

CJ \'H (XJ NO 
0

1, ONI.Y COMPATIBLE WASTES ARE STORED OR DISPOSED OF IN THE IMPOUNDMEHT 

D •ca IXJ NO 

I, RECOROS CHECKED ,oA CONTENTS AHO LOCATION OF EACH SURFACE IMPOUNOMEHT 

□ Tea CJl NO 

7, IMPOUNCMENT HAS LINER SYSTEM 17 ■, INTEGRITY OP' LINER SYSTEM CHECICEO 

IXJ TH ONO 3 ft. natural clay □ YU IXJ NO 

1-. ,,, .. o, ... u 
·-

NA 
I. SOI\, STRUC:TURI!: AN.) SUBSTRUCTURE 

Unknown 
I, MOlilTTI:flONlr W&L,I.S 

(X]TH QNO 4 wells, one on each side 
10, C:&MGTM;•IOTH, ANO OEPTH 

Ll:NCITM • WIOTN 01:PTM 26 1 

"· c ... LCULATl!O VOLUMETRIC CAPAC:ITY 

1 4nn_nnn ft3 
1z.· P1tl1C:-Ulf""O"J'"CAPACITY Rf:MAINING 

~nnrov iin~ 
I J. £$TlllXTE"F'REEBOARO 

~nnrnv A ft 
1.,; wi;tOS"0iPOSITl0N 

CXJ TU □ NO Used to store process tailings. 
la, '-!A~O''-'""" u•SPOSAI. METHOD 

Pl ans ca 11 for reprocessing in the unit at a later time. 
II• OTHER EQUIPMENT 

Comment: Due to a fire on the solvent extraction unit in early 1984, the plant has 
been forced to store more water than under normal operation. Repairs are 
estimated to take 3-4 months. Ponds 1 and 3 appeared to have overflowed 
based on erosion problems (although mild), discolored slope, and the dis-
colored area between ponds 1 and 3 • Discoloration was white and gray. 

.. 
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RCRA 3012 SITE INSPECTION COMMENTS 
GULF CHEMICAL AND METALLURGICAL COMPANY 

FREEPORT, TEXAS 
TX05185 

On Friday~ March 9, 1984, Philip Liang and David Dunn of Engineering-Science, 
Inc., representing the Texas Department of Water Resources, inspected the Gulf 
Chemical and Metallurgical Company (GCMC) facility in Freeport, Texas. Mr. Jerry 
Walker, the Plant Manager, and Mr. Harold Newman, Director of Environmental Affairs, 
accompanied the inspection team. 

GCMC-Freeport operates a metals recovery process using spent refinery cata
lyst. Spent catalyst is charged to the process units, molybdenum and vanadium 
recovered, and the tailings slurry is stored in four (4) large surface impoundments. 

The Company plans to reprocess these tailings for recovery of cobalt and nickel 
when economic conditions are better. Decanted water from the ponds is recycled to 
the process units to slurry the tailings to a pumpable concentration. This slurry 
is then returned to the ponds. Some water from the ponds is also used in the solvent 
extraction process and is then treated before release via outfall 001. 

During field reconnaisance, the four surface impoundments were inspected. 
Three o·f these are on the main plant site, as shown on the attached map, with the 
fourth ppproximately 9 miles north of the plant. The three onsite ponds are used in 
the day-to-day operation of the process with slurry being added and decanted water 
withdrawn simultaneously. Tailings material was exposed at the surface in some 
areas of all the ponds and ranged to a reported depth of 10 feet in all ponds. All 
three ponds were filled with tailings and water at near maximum volume due to plant 
operational changes made necessary by a fire in the solvent extraction process in 
January 1984. As a result, overflow situations may occur or have occurred by 
accident or heavy rainfall. Several small areas of the pond 3 dikes were covered 
with tailings material, apparently from such an occurrence. In addition, the low 
area b~tween ponds 1 and 3 was discolored (white and gray in color) presumably from 
the tailings material. The plant did not acknowledge that any overflow situations 
had occurred. Although all three ponds were well covered with vegetation, minor 
erosion problems were found on the dikes surrounding ponds 1 and 3. Pond 3 had 
erosion problems on the east, west and north sides, while pond·l had more serious 

· erosion problems on its north and south dikes. Pond 2 appeared in good condition but 
some discolored vegetation was observed on the south dike. 



Pond 4 is used for additional tailings storage. Tailings are dredged 
from an onsite pond, loaded into trucks, hauled to the site and dumped down a 
synthetic material slide into the pond. This material will be removed when 
the plant begins reprocessing the material. Pond 4 is in good condition, with 

.good vegetation and only minor erosion problems. Four monitoring wells, 
reportedly m~eting TDWR standards, are in place, one on each side of the pond. 
Monit0tring tests are being conducted by GCMC with no groundwater con
tamination found, according to GCMC. The site is directly adjacent to the 
county municipal waste landfill. 

A copy of groundwater monitoring analyses, well construction details, 
and pertinent correspondence is attached to this report. Groundwater 
aluminum and molybdenum concentrations have decreased since the conunencement 
of groundwater monitoring. Groundwater pH is typically much higher in well W-
43 than the other ~,ells. However, there is little indication that the pond has 
significantly impacted the groundwater. 

In addition to the surface impoundments, GCMC stores large quantities of 
spent catalyst in a large open pile. The pile is placed on a concrete base and 
is controlled on 3 sides by a 6-foot retaining wall. Water, sprayed on the 
pile to help cool the material, is collected in an adjacent sump and then 
pumped to one of the surface impoundments. 

Storm water runoff from the plant area is collected in a ditch along the 
north edge of the plant. This ditch is also used, according to GCMC, to 
prevent accidental releases to the Brazos River from the impoundments. The 
ditch was used during the solvent extraction fire to prevent such a release 
and the skimming booms used to control the threatened organic discharge were 
still in place during the inspection. This area may exhibit higher metals 
concentrations in soils and sediments due to particle settling, metals 
adsorption onto _the soil, and metals precipitation caused by evaporation. 
This ditch is lined with in-situ natural clay and may be the greatest area of 
concern at the plant. 

I 

Based on the above observations and the apparent nonhazardous nature of 
the tailings and spent catalyst, no irrmediate hazard was identified during 
this inspection, and a low hazard assessment was made. It is recommended that 
GCMC take additional steps to reduce the risk of overflow from the surface 
impoundments and to prepare clean-up procedures should such an event occur, as 
well as evaluate the contamination of the soil in the storm water runoff 
ditch. Groundwater and surface water sampling should continue as at present 
to identify any future problems. 



ATTACHMENT A 

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET 

Instruction - This sheet is provided to give additional information in 
explanation of a question on the form T2070-3~ 

Corresponding 
number on form 

XIII. J. 

, 
Additional Remark and/or Explanation 

Beaumont Fonnation (clay, silt, sand & gravel) which is equal 
to the 'Chicot' aquifer (upper and lower units). The base of 
this aquifer and fonnation extends downward 1200 to 1250 feet 
beneath the site facilities. The 'upper' Chicot aquifer has 
a lower limit about 325 feet below the surface. Fresh water 
is available down to 350 feet under 'Pond 4' and to only 250 
feet beneath the main plant due to heavy groundwater withdrawal 
in the area. 

The strata dip south-southeasterly toward the Gulf at 
progressively increasing dip values due to overburden and 
compaction of the unconsolidated mass. This has fanned a 
wedge where sediments increase in thickness seaward. 
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ENGINEERING-SCIENCE, INC. 
SITE INSPECTION TEAM 

SITE SAFETY ANO WORK PLAN 

A. GENERAL INFORMATION 

SITE: 6.,/f Che•iml and He.fa IIW§.iaJ/ C,orf • HAZS IT NO.: T~ 05185 

LOCA Tl ON: Freeport I r"as 77~4 I 2oz #,away Road 

PLAN PREPARED BY: T>avidG,JohnSD11 1 P.£. DATE: 2./,0/s+ 
APPROVED BY: c;f!.t> dz,~ ..J... R-

1 
-P.E. DATE:-~-/---,-,-/ e __ v ____ _ 

OBJECT IVE ( s) : ~IIUW f't(.Q)r/11 s, lo61,~ I, -'1slh:, ¢ sile ,.:,,sit dt~esal ~-.s. '"rd 
f;/e g,,,d, oll llt~e laf#"s ,pw,l,~u./w,~'t ~s aA1>un,/ klfOIWIS. Silmplc .uask, Sfill MUS, 

fHMtt/1 m,t,( d,',,,1,9'C dlielt,f. 12114/u,c In, mcla/4 {Jlo, Lia. i«. (XJAl,dJM. ps,;Mf 12>, Al,', ~,,,,e)e. }o,id • 
v 7 T ' Ol'lt 'd~~d s11.i1I i,, auec "',.,"'0"'" PROPOSED DATE OF INVESTIGATION: nbrua'J l'164 bfh,.d ""'fe" N'L. . 

PRELIMINARY ASSESSMENT HAZARD: HIGH: __ MEDIUM: x LOW: __ 
NONE: __ UNKNOWN: __ 

B. SITE/WASTE CHARACTERISTICS 

WASTE TYPE(S): LIQUID: x SOLID: x SLUDGE: >< GAS: --
CHARACTERISTIC(S): CORROSIVE: x IGNITABLE: x RADIOACTIVE: --

VOLATILE: TOXIC: x. REACTIVE: x. --- ------- ---
UNKNOWN: OTHER: (NAME) -----

FACILITY DES~RIPTION: J/1,/a/3 eifroe/,i,,( faul&-f'°'~ of 1°enf rcfiauy cafe(rf/t•111 

b~dtM{fMOiM/r;tt lfJIIIQ'hPflS, I .ii~ a,;,d .3layoon$ on--s;/e;. 
I ' 

Principal Di~posal Method (type an~ loca~ion): /nco~ a,.l4'yd-1/o,,,L"'-p/,._, . 
mpl1bd'Jll/lflWWJnad11Mt1 u/tQeltdfe"' ealoly~ /fAIOtlldf)l r/dd,a,,rJ a 'hltff:f'Dntk,t,,. fobu ep and Al, haJ~r. 

Unusual Features (dike integrity, power lines, terrain, etc.): loealetl 

eln:,e ./o 6nm &i,,t. 
Status: (active, inactive, unknown): ac/ivt,, ___;~------------
History: (worker or nonworker injury, complaints from public, previous 

remedial or enforcement agency): ~·,le add.R.d lo €/ifl/S /isl a~ a. ~sulf l)f a,,,,,,/~ , 
, k<ffDf ~- Tieot-l'"e.-.J :s7sfUrt. heu ~ 1,;'SIPr7 1 d,scJ,eva,e ,,,,.hlt-ms1uiM 

• o. ~ sle. alum~r,a.,. u,n-lai11:n Ht> JI-. Ill a, ,v,' 1-l-t 

J. ,.,. lo'UJ"'1 C/osi;:,J as ._ h.f1t1h"6us M.Jasle • Alo t-her Ji11fl/lVldou~ '4)d~/es 

"'~~ tl)r--,si/e,. 



C. HAZARD EVALUATION 

· 7 uJasles n ;,.,,1u~/o/.wy. '1 du~ls n ,PM./,clts n,-,;le slwuld be/ lltNlled dtU. k 
mefa4 CQncvrikalu11s. Po nol a//ou) .Jaslewa.let1 lo ccr1kd Ji:.,",, .r~u 

0. SITE SAFETY WORK PLAN 

PERSONAL PROTECTION 
LEVEL OF PROTECTION: A 8 C D )( -- -- --

SURVEILLANCE EQUIPMENT AND MATERIALS: n,I melf/J e)DUldbe u.seful. 
7 

SITE ENTRY PROCEDURES: W'11a,cl Ja,~l,"IT ruso,i11el ~ arran7t w,~pe~ 
T- I 1 

da,/e,, 



Special E~uipment, Facilities, or Procedures: Alone "1 ___ ;;..._ _______ _ 

Team Member Res pons ibil ity 

P/,;o/' La~ 

E. · EMERGENCY INFORMATION 

LOCAL RESOURCES 

Ambu 1 ance: h'•ro, t F,=.c_ b~,+ 
Hospital: c .... -"•"'T1' ~O.lp;fa,J 

Poison Control Center: GA,.:-1esrotJ "Sc./-1101 CJ1oia4To/J •) ' -------------------------
Po 1 ice: Fu,'- p.,,+ lc,1.c. . 2 3 9 - I la II 

Fire Department: F"«p•,... s:,.:.c.-J>c,+ 
EPA Contact: w, It.Me Chur,f,e,i5 
TDWR Contact: Daniel L. Scheppers 

Emergency Contacts: 

z33-2,s1 

{Zl4) 7t,7-t,4ZJ 
(512) 475-1344 

Project Safety Manager :_D_r_. _-B_a_rr .... y.___N.;..or_t_h __ ..... ( 3_0_3,_) _4_55_-_4_4_27 ____ _ 

Project Ma~ ager : ____ Da_v_i_d_G_._J_o_h_n_so_n ____ (_51_2 __ )_4_7_7_-9_9_0_1_8_9_2-_3_7_55_ 

VefCA1 Pr~ul ~tUt,t/1.; 1le&>e C. rJo', (~12) '177-9:JO/ 



ATTACHMENT A 

POTENTIAL HAZARDOUS WASTE SITE 
SITE INSPECTION REPORT SUPPLEMENT SHEET 

Instruction - This sheet is provided to give additional infonnation in 
-·explan~tion of a question on the form 12070-3. 

, 

Corresponding 
number on fonn 

Additional Remark and/or Explanation 
No samples were taken during the GCMC site inspection. Mr. Harold 

Newman, Director of Environmental Affairs, had placed several calls to 
people involved with the project, including Mr. Tony Gardner (U.S. 
EPA-Dallas) to discuss the project. The result of those conversations 
was h_is conclusion that no samp-1 ing was necessary for the fol lowing 
reasons: 

1) All surface impoundments used for storage are 
currently active, and are therefore, not 
under the Superfund legislation. 

2) Materials deposited in the impoundments 
are in storage for later use, not for 
disposal, and are therefore not considered 
waste material. 

3) Materials stored, both in the spent catalyst 
pile and the surface impoundments, are non
hazardous, being designated Class II wastes 
(approaching Class Ill) according to TDWR 
regulations. This is supported. by the 
attached analyses from Hazen Research, Inc. 

4) Any samples taken from the area that the 
solvent extraction fire may have contaminated 
would·not be a representative sample since 
normal plant operation had not caused the 
problem, but rather an isolated occurrence. 

Mr. Newman· felt that these reasons precluded the necessity of 
sampling at any pf the sites within the plant:· The inspection team 
agreed with the possibility that the··sample collected. would not be 
representative due to the recent fire accident, and therefore did not 
collect any samples during the site.inspection. 

However, there were several areas that the inspection team felt 
samples· should be taken from after the solvent extraction unit is 
repaired: 

1) Storm water runoff collection ditch - soil sample. 
2) Areas between ponds i and 3. 
3) Tailings material from the ponds. 
4) Surface water in the ponds. 
5) Groundwater monitoring wells at pond 4. 

These sample locations were based on potential hazard rather than 
immediate hazard and would be an effort to confirm the non-hazardous 
nature of the materials and the lack of COfltamination of the site. 



United States Department of Agriculture 
Soil Conservation Service 
in cooperation with the 
Brazoria County Commissioners Court and 
Texas Agricultural Experiment Station 

soil survey of 

brazoria county, texas 
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UNITED STATES DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

SOIL LEGEND 
The publication map symbols are numeric and the map unit names are in 
alphabetical order. Map unit names that do not give a 1lope range have 
slopes of less than 1 percent. 

SYMBOL 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 

12 
13 

14 
15 

16 
17 

18 

19 
20 

21 
22 

23 

24 
25 
26 
71 
28 

29 
30 
31 

32 
33 
34 
35 

38 
37 

38 
39 

40 
41 

42 
43 
44 

NAME 

Aris fine sandv loam 
Asa silt loam 
Asa Silty clay loam 
Asa-Urban land complex 

Beaclle1 
Beaumont clay 
Bemerd clay loam 
Bemafd-Edna comple111. 
Bema~Urban land complex 
Brazoria clay# Oto 1 percent slopes 
Brazoria clay, 1 to 5 percent 11101111 

Clemville 1il,v clay loam 
Edna fine undy loam, 0 to 1 percent II-

Edna fine undy loam, 1 to 5 percent llo1111 
Edna-Aris complex 

Follet clay loam 
Francitas clay 

Galveston fine sand, undulating 

Harris clay 
Harri .. Tracosa compla,c 

ljamclay 
ljam,Urban land complex 

Ken,.y loamy fine und, 0 to 3 percent 1101111 

Lake Charles clay, 0 to 1 percent 1101111 
lake Chart es clay, 1 to 8 percent Il-
l.aka Charteo-Urbml land coffll)lex 
Laton loam 
Laton-Ari• complex 

Morav tilt loam 
Mustang fine und 
~ line tand, tali,_ 

Nerta ti,. l8ndy toam 
~ tilt loam, 0 to 1 pen:ent 11101111 
No.--od lilt loam, 1 to 5 percent lllo1111 ...,_.Au complex, 1 to 8 percent ll-

Pledgar day 
Pledger-Urban land complex 

Sumpfclay 
Surflide clay 

Tatlum clay loam 
Tracosa mucky clay 

Velateo clay 
Venonloam 
Venon silty clay loam, strongly uUne 

BRAZORIA CO 



Brazoria County, Texas 

Typical pedon of Galveston fine sand, undulating; from 
the intersection of Texas Highway 332 and Farm Road 
523 about 3 miles northeast of Freeport, 3.6 miles 
southeast on Texas Highway 332, 8.6 miles northeast on 
paved county road, 0.05 mile southeast on unimproved 
road to beach, and 100 feet north from the front of the 
dunes, in rangeland: 

c1-0 to 19 inches; light gray (10YR 7/2) fine sand, 
white (10YR 8/2) dry; single grained; loose, 
nonsticky and nonplastic; common very fine and 
medium roots; common shell fragments; moderately 
alkaline; clear smooth boundary. 

C2-19 to 33 inches; light gray (1 OYR 7 /2) fine sand, 
white (1 OYR 8/2) dry; single grained; loose; few very 
fine roots; moderately alkaline; clear smooth 
boundary. 

C3-33 to 60 inches; light gray (1 OYR 7 /2) fine sand, 
white (1 OYR 8/2) dry; single grained; loose, 
nonsticky and nonplastic; few light yellowish brown 
stains: moderately alkaline: gradual smooth 
boundary. 

C4-60 to 66 inches: gray (10YA 6/1) fine sand, light 
gray (10YR 7/1) dry; single grained; loose, nonsticky 
and nonplastic; few shell fragments; moderately 
alkaline; gradual smooth boundary. 

C5-66 to 80 inches; light gray (10YR 7/2) fine sand, 
white (1 OYR 8/2) dry; single grained; loose, 
nonsticky and nonplastic; few shell fragments; few 
brownish yellow stains; moderately alkaline. 

The depth to loamy strata is greater than 72 inches. 
Fragments of marine shells are in some to all parts of 
the pedon. This soil is medium acid to moderately 
alkaline. Some pedons are slightly saline. The soil is 
white, light gray, light brownish gray, or gray. It is mainly 
fine sand but ranges to sand. 

Harris series 
The Harris series consists of nearly level, very poorly 

drained, saline, clayey soils. These soils are in marshes. 
They formed in recent clayey marine deposits. Slopes 
are less than 0.1 percent 

Typical pedon of Harris clay; from the west junction of 
Bastrop Bayou and Cox Lake about 14 miles southeast 
of Angleton, 1.3 miles south across Cox Lake to south 
shoreline, 0.6 mile southeast along shoreline, and 400 
feet south in rangeland: 

A11g-O to 8 inches; very dark gray (10YR 3/1) clay, 
dark gray (10YR 4/1) dry; moderate medium 
subangular blocky structure; very hard, very firm, 
very sticky and plastic; many fine and medium roots: 
few strong brown stains along root canals: saline; 
neutral; gradual smooth boundary. 

A12g-8 to 14 inches: very dark gray (10YR 3/1) clay, 
dark gray (10YR 4/1) dry; few fine distinct yellowish 
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brown (10YR 5/4) and gray (10YR 5/1) mottles; 
moderate medium subangular blocky structure; very 
hard, very firm, very sticky and plastic; many fine 
and medium roots: common strong brown stains in 
pores and old root channels; saline; mildly alkaline: 
clear wavy boundary. 

A13g-14 to 16 inches; very dark gray (10YR 3/1) clay, 
dark gray (10YR 4/1) dry; few fine distinct gray 
(10YR 5/1) mottles; moderate medium subangular 
blocky structure; very hard, very firm, very sticky and 
plastic; common fine roots; few thin strata of light 
gray fine sand; few brown stains along root 
channels; saline; mildly alkaline; clear wavy 
boundary. 

AC1g-16 to 35 inches; gray (10YR 5/1) clay, gray 
(10YR 6/1) dry; few fine distinct yellowish brown 
(10YR 5/4) mottles; moderate medium blocky 
structure; very hard, very firm, very sticky and 
plastic; few fine roots; few single grains of light gray 
fine sand; few black concretions up to 3 millimeters 
in diameter; saline: mildly alkaline; clear wavy 
boundary. 

AC2g-35 to 50 inches: gray (10YR 5/1) clay, gray 
(10YA 6/1) dry; common fine distinct yellowish 
brown (1 OYA 5/6) mottles; moderate medium blocky 
structure; very hard, very firm, very sticky and 
plastic; few fine roots; few black concretions up to 3 
millimeters in diameter; saline; moderately alkaline; 
diffuse smooth boundary. 

Cg-50 to 60 inches; gray (10YR 6/1) clay, light gray 
(SY 7 /1) dry; common fine distinct yellowish brown 
(10YR 5/6), few fine faint light gray, and few fine 
distinct dark gray (1 OYA 4/1) mottles; massive; very 
hard, very firm, very sticky and plastic; few fine black 
concretions up to 2 millimeters in diameter; saline; 
moderately alkaline. 

The salinity throughout the soil is slight to strong. 
The Ag horizon ranges from 1 O to 24 inches in 

thickness. In most pedons, it is mottled with brown. It is 
neutral to moderately alkaline. 

The ACg horizon and Cg horizon are gray, dark gray, 
or very dark gray. In most pedons, they are mottled with 
brown. 

IJam series 
The ljam series consists of nearly level to undulating, 

poorly drained, saline, clayey soils. These soils are in 
marshes. They formed in recent clayey marine deposits 
that resulted from dredging operations. Slopes range 
from 0.5 to 8 percent. 

Typical pedon of ljam clay; from the intersection of 
Farm Road 523 and Texas Highway 332 about 3 miles 
northeast of Freeport, 1.2 miles east on Texas Highway 
332, and 300 feet south in rangeland: 

A1-0 to 9 inches; dark grayish brown (10YR 4/2) clay, 
grayish brown {10YR 5/2) dry; common fine distinct 
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yellowish brown (1 OYR 5/6) mottles; massive; very 
hard, very firm, very sticky and plastic; few fine 
roots; few black concretions less than 1.0 millimeter 
in diameter; moderately alkaline; saline; diffuse 
smooth boundary. 

Cg-9 to 60 inches; light brownish gray (2.5Y 6/2) clay, 
light gray (2.5Y 7 /2) dry; common fine distinct 
yellowish brown (10YR 5/6) and gray (10YR 6/1) 
mottles; massive; very hard, very firm, very sticky 
and plastic; few shell fragments; common 
concretions of calcium carbonate 1 millimeter to 3 
millimeters in diameter; few thin strata of fine sand; 
saline; moderately alkaline. 

The salinity throughout is moderate to strong. 
The A horizon ranges from O to 1 O inches in thickness. 

It is dark gray, gray, light gray, or dark grayish brown. It 
is neutral to moderately alkaline. 

The Cg horizon is light olive gray, dark gray, gray, light 
gray, light brownish gray, or dark grayish brown. It is 
mottled with gray and brown. It is typically moderately 
alkaline. In some pedons, it does not have concretions 
of calcium carbonate, shells, and shell fragments. 

Kenney series 
The Kenney series consists of nearly level and gently 

sloping, well drained, nonsaline, sandy soils. These soils 
formed in ancient sandy fluvial deposits under prairie. 
Slopes range from 0.5 to 3 percent. 

Typical pedon of Kenney loamy fine sand, O to 3 
percent slopes; from the intersection of Texas Highway 
-288 and county road in Sandy Point, 0.4 mile west on 
county road, and 600 feet south in pastureland: 

Ap-0 to 16 inches; dark brown (1 OYR 4/3) loamy fine 
sand, brown (1 OYR 5/3) dry; single grained; loose, 
nonsticky and nonplastic; many fine roots; medium 
acid; diffuse wavy boundary. 

A2-16 to 70 inches, very pale brown (10YR 7/4) loamy 
fine sand, very pale brown (10YR 8/4) dry; single 
grained; loose, nonsticky and nonplastic; few fine 
roots; medium acid; gradual smooth boundary. 

B21t-70 to 77 inches, red (2.5YR 4/6) sandy clay loam, 
red (2.5YR 5/6) dry; moderate medium subangular 
blocky structure; slightly hard, firm, slightly sticky 
and nonplastic; few fine pores; slightly acid. 

The solum ranges from 65 to more than 80 inches in 
thickness. It is slightly acid to strongly acid throughout. 

The A horizon ranges from 40 to 72 inches in 
thickness. It is dark grayish brown, dark brown, light 
brownish gray, pale brown, brown, or grayish brown. 

The A2 horizon is brown, light brown, dark grayish 
brown, light brownish gray, pale brown, or very pale 
brown. 

The B2t horizon is mainly sandy clay loam or clay 
loam, but ranges to fine sandy loam. It is red or yellowish 
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red. It is mottled with red, brown, and yellow in some 
pedons. 

Lake Charles series 
The Lake Charles series consists of nearly level to 

sloping, somewhat poorly drained, nonsaline soils. These · 
soils formed in ancient clayey coastal deposits. Slopes 
range from 0.1 to 8 percent. 

Typical pedon of Lake Charles clay, Oto 1 percent 
slopes; from the intersection of Texas Highway 36 and 
Farm Road 1462 in Damon, 0.7 mile south on Texas 
Highway 36, 2.5 miles east on county road, 0.6 mile east . 
on shell road, 0.25 mile southeast on private road, 216 
feet west along fence line, and 203 feet south in 
pastureland: 

Ap-0 to 7 inches; very dark gray (10YR 3/1) clay, dark 
gray (10YR 4/1) dry; few fine faint yellowish brown 
mottles; moderate fine blocky and subangular blocky •· 
structure; very hard, firm, very sticky and plastic; · 
many fine roots; few medium pores; slightly acid; 
clear smooth boundary. 

A12-7 to 13 inches; very dark gray (10YR 3/1) clay, 
dark gray (10YR 4/1) dry, few fine faint yellowish 
brown mottles; moderate medium subangular and " 
moderate fine blocky structure; very hard, firm, very ·, . 
sticky and plastic; few small pressure faces; · · 
common fine roots; few fine pores; few black 
concretions; slightly acid; gradual wavy boundary. 

A13-13 to 23 inches; very dark gray (10YR 3/1) clay, 
dark gray (10YR 4/1) dry, common fine faint 
yellowish brown (10YR 5/4) mottles; strong mediums, 
coarse blocky structure parting to fine and medium ' 
subangular blocky; very hard, firm, very sticky and 
plastic; few small intersecting slickensides and· .. 
pressure faces; few fine roots; few black 
concretions; slightly acid; gradual wavy boundary. 

A14-23 to 32 inches; very dark gray (10YR 3/1) clay, .. -~·· 
dark gray (10YR 4/1) dry, few fine faint yellowish 
brown and strong brown mottles; strong fine and 
medium blocky structure; very hard, firm, very sticky ... : 
and plastic; common small pressure faces and · ·1-:: 
intersecting slickensides; few fine roots; neutral; :.;-
gradual wavy boundary. 

A15-32 to 50 inches; very dark gray (10YR 3/1) clay, 
dark gray (10YR 4/1) dry, common fine faint .. ,..,. 
yellowish brown (10YR 5/4) and few medium 
distinct olive brown (2.5Y 4/4) mottles; strong -
medium and coarse blocky and moderate medium 
subangular blocky structure; very hard, firm, very :. 
sticky and plastic; common medium pressure faces 
and intersecting slickensides; neutral; few fine roots; ,: 
clear wavy boundary. 

ACg-50 to 64 inches; gray (10YR 5/1) clay, gray (10YR ·. 
6/1) dry, few fine faint yellowish brown and common: 
medium distinct light olive brown (2.5Y 5/4) mottles;·"': 
strong medium and coarse blocky structure; •: 
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The IIC horizon is at a depth of 40 to 80 inches. It is 
light reddish brown, reddish brown, reddish yellow, 
yellowish red, brown, strong brown, light gray, or light 
brown. Some pedons have loamier and sandier strata of 
varying thickness. These strata have contrasting colors 
that commonly differ from those described for this 
horizon. 

Surfside series 
The Surfside series consists of deep, nearly level, 

poorly drained, saline soils. These soils are in marshes. 
They formed in recent clayey fluvial deposits. Slopes 
range from 0.1 to 0.6 percent. 

Typical pedon of Surfside clay; from the intersection of 
Texas Highway 332 and Farm Road 523 about 3 miles 
northeast of Freeport, 0.3 mile southeast on Texas 
Highway 332, and 300 feet south in rangeland: 

A 11 g-0 to 14 inches; very dark gray (1 OYA 3/ 1) clay, 
dark gray (10YR 4/1) dry; moderate medium 
subangular blocky structure; very hard, very firm, 
very sticky and very plastic; many fine and medium 
roots; many strong brown stains along old root 
channels; saline; mildly alkaline; gradual smooth 
boundary. 

A12g-14 to 32 inches; dark gray (10YR 4/1) clay, gray 
(10YR 5/1) dry; few fine distinct yellowish brown 
(10YR 5/4) and few fine faint gray mottles; 
moderate coarse prismatic structure parting to 
moderate medium and fine blocky; few prism faces 
thinly coated with light gray silt material; very hard, 
very firm, very sticky and very plastic; few fine roots; 
saline; mildly alkaline; clear smooth boundary. 

B2g-32 to 72 inches; dark reddish brown (5YR 3/3) 
clay, reddish brown (5YR 4/3) dry; common fine and 
medium distinct gray (10YR 6/1) and few fine 
distinct very dark gray (10YR 3/1) mottles; weak 
medium blocky structure; very hard, very firm, very 
sticky and plastic; few fine roots; few concretions of 
calcium carbonate up to 1 O millimeters in diameter; 
calcareous; saline. 

The solum ranges from 40 to more than 60 inches in 
thickness. 

The Ag horizon is dark gray, very dark gray, dark 
grayish brown, very dark grayish brown, black, or very 
dark brown. It is neutral to moderately alkaline and 
slightly saline to moderately saline. 

The B2g horizon is reddish brown, yellowish red, 
brown, strong brown, dark brown, or dark reddish brown. 
It is mildly to moderately alkaline. It is commonly 
calcareous, but in some pedons it is noncalcareous. 

Some pedons have a Cg horizon, which has the same 
texture and color range as the B horizon. A few strata of 
loamy and sandy materials are in some pedons at 
depths greater than 50 inches. 
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Tatlum series 
The Tatlum series consists of nearly level, very poorly 

drained, saline soils. These soils are in marshes. They 
formed in recent loamy marine deposits. Slopes are less 
than 0.1 percent. 

Typical pedon of Tatlum clay loam; from the 
intersection of Cold Pass and Churchill Bayou on Follets 
Island, across Cold Pass at a compass heading of 20 
degrees, and 60 feet north of the bank, in rangeland: 

A 1 g-0 to 18 inches; gray (1 OYA 5/ 1) clay loam, 
common medium distinct dark yellowish brown 
(1 OYA 4/ 4) mottles; massive; flows easily between 
fingers and leaves small residue in hand when 
squeezed; slightly sticky and slightly plastic; 
common fine and medium roots; extremely saline; 
moderately alkaline; clear boundary. 

C1g-18 to 28 inches; gray (10YR 5/1) clay loam; 
massive; flows with some difficulty between fingers 
and leaves small residue in hand when squeezed; 
slightly sticky and slightly plastic; extremely saline; 
moderately alkaline; gradual smooth boundary. 

C2g-28 to 42 inches; gray (10YR 5/1) clay; few strata 
of clay loam; common medium faint gray (N 5/0) 
mottles; massive; firm, slightly sticky and slightly 
plastic; extremely saline; moderately alkaline; 
gradual smooth boundary. 

C3g-42 to 60 inches; gray (N 5/0) stratified clay loam 
and clay, common medium distinct strong brown 
(7.SYR 5/8) and many medium distinct grayish 
brown (1 OYA 5/2) mottles; few fine black 
concretions; massive; firm, slightly sticky and slightly 
plastic; extremely saline; moderately alkaline. 

The water table is at or very near the surface 
throughout the year. The surface layer is 20 to 40 inches 
thick and has a slightly fluid to fluid consistence. 
Electrical conductivity ranges from 25 to 90 millimhos 
per centimeter, and the content of exchangeable sodium 
is more than 30 percent. Most pedons have a 1- to 6-
inch-thick organic mat of decomposing plant material on 
the surface. 

The A horizon is gray, dark gray, very dark gray, or 
black. It is mottled with brown and gray in most pedons. 

The C horizon is mainly stratified clay loam and loam 
but ranges from fine sandy loam to clay. It is light gray, 
light brownish gray, grayish brown, dark gray, dark 
grayish brown, or gray. It is mottled with gray, brown, 
and greenish gray in many pedons. Below 40 inches, 
some pedons have brown clayey horizons, which are 
commonly calcareous. 

Tracosa series 

The Tracosa series consists of nearly level, very 
poorly drained, saline soils. These soils are in marshes. 
They formed in recent clayey marine deposits. Slopes 
are less than 0.1 percent. 
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I I I 
Map symbol and !Depth Clay <2mm Permeability 
soil name I 

I 
I fn 
I 

Pct 

15:• I 
- Aris-----------1 0-23 10-25 

123-33 25-35 
133-60 35-50 
I 

16-------1 0-4 15-35 
Follet I 4-60 18-35 

I 
17----------1 0-181 35-50 
Francitas 118-36 40-60 

136-77 40-60 
I 

18---------------1 0-60 
Galveston 160-80 

2-8 
2-8 

I 
191-------1 0-16 40-60 
Harris 116-60 40-60 

I 
20:• I 
Harris------1 0-15 40-60 

115-60 40-60 
I 

Tracosa---------1 0-5 35-60 
I 5-60 35-60 
I 

21---·---I 0-9 20-50 
Ijam I 9-60 40-55 

22:• 
Ijam,---

Urban land. 

I 
I I 

o-6 I 
6-601 

I 
I 
I 

23------ 0-701 
Kenney 70-771 

I 
24--------------- 0-131 
Lake Charles 13-641 

64-80 

25 ----- 0-22 
Lake Charles 22-40 

40-60 

26:• 
Lake Charles---- 0-18 

118-60 
I 

Urban land. I 
I 

27------1 0-23 
Leton 123-62 

I 
28:• I 
Leton-•----1 0-21 

21-60 

Aris----

29----·---
Morey 

30------
Mustang 

0-20 
20-31 
31-48 
48-60 

0-11 
11-36 
36-601 

I 
o-4 I 
4-721 

I 

20-50 
40-55 

2-12 
15-35 

40-60 
40-60 
40-60 

40-60 
40-60 
40-60 

40-60 
40-60 

10-25 
20-35 

10-25 
20-35 

10-25 
25-35 
35-50 
30-40 

15-30 
25-35 
30-45 

2-8 
2-8 

See footnote at end of table. 

0.6-2.0 
0.2-0.6 

<0.06 

<0.06 
<0.06 

<0.06 
<0.06 
<0.06 

6.0-20 
6.0-20 

0.06-0.2 
<0.06 

0.06-0.2 
<0.06 

<0.06 
<0.06 

<0.06 
<0.06 

<0.06 
<0.06 

6.0-20 
2.0-6.0 

0.06-0.2 
<0.06 
<0.06 

0.06-0.2 
<0.06 
<0.06 

0.06-0.2 
<0.06 

0.6-2.0 
0.06-0.2 

0.6-2.0 
0.06-0.2 

0.6-2.0 
0.2-0.6 

<0.06 
<0.06 

0.6-2.0 
0.06-0.2 
0.06-0.2 

6.0-20 
6.0-20 

I I 
I Available 
I water 

Soil I Salinity 
reaction 

capacity 

0.11-0.15 5.6-7.3 
0.12-0.17 5.1-6.5 
0.12-0.18 5.1-7.3 

I 
0.01-0.0316.6-8.4 
0.01-0.0316.6-8.4 

I 
10.10-0.1~16.1-8.4 
10.06-0.1216.6-8.4 
10.06-0.1211.9-8.4 
I I 
10.05-0.1015.6-8.4 
10~05-0,1015.6-8.4 
I I 
10.02-0.2016.6-9,0 
10.01-0.1016.6-9,0 
I 
I 
10.02-0.20 
10.01-0.10 
I 
10.01-0.03 
10.01-0.03 
I 

6.6-9.0 
6.6-9,0 

6.6-8.4 
6.6-8.4 

10.10-0.12 6.6-9.0 
10.10-0.12 6.6-9,0 
I 
I 
10.10-0.12 6.6-9.0 
10.10-0.1216.6-9.o 
I I 
I I 
I I 
10.06-0.1015.1-6.5 
10.11-0.1515.1-6.5 
I I 
10.15-0.2015.6-7.8 
10.15-0.2016.6-8.4 
10.15-0.2016.6-8.4 
I I 
I0.15-0.2015,6-7.8 
10.15-0.2016.6-8.4 
10.15-0.2016.6-8.4 
I I 
I I 
I0.15-0.2015.6-7.8 
10.15-0.2016.6-8.4 
I I 
I I 
I I 
10.15-0.2015~1-1.3 
10.15-0.20~5.6-8.4 
I I 
I I 
10.15-0.2015.1-1.3 
10.15-0.2015.6-8.4 
I I 
10.11-0.1515.6-7,3 
10.12-0.1115.1-6.5 
10.12-0.1815.1-7,3 
10.12-0.1815.1-7,3 
I I 
10.16-0.2415.1-7.3 
10.18-0.2215.6-7.8 
10.18-0.2216.1-8.4 
I I 
10.01-0.0116.6-8.4 
10.01-0.0616.6-8.4 
I I 

Mmhosircm 

<2 
<2 
<2 

>16 
>16 

<4 
4-25 
8-25 

<4 
<4 

4-16 
4-16 

4-16 
4-16 

>16 
>16 

4-16 
4-16 

4-16 
4-16 

<2 
<2 

<2 
<2 
<2 

<2 
<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 
<2 
<2 

<2 
<2 
<2 

<4 
<8 

I I Erosion 
!Shrink-swell I factors 
I potential I 
I I K T 
I I 
I I 
I I 
ILow----------10,37 5 
IModerate-----10,32 
I High I0,32 
I I 
IModerate-----10.43 5 
IModerate-----10.43 
I n----1 IHig I0,32 5 
!Very high----10,32 
I Very high---- IO. 32 
I I 
ILow---------10.15 5 
I Low --10,15 
I , ___ 1 
!High,_ __ I0.20 5 
I High --10,32 
I I 
I I 
IHigh---------10.20 5 
I High I0,32 
I I 
IHigh---------10.371 5 
I High I0.371 
I ___ I I 
IHigh I0,321 5 
IHigh---------10,321 
I I I 
I I I 
IHigh--------10,32 5 
IHigh----10,32 
I I 
I I 
I I 
ILow--------10,17 5 
ILow--------10.24 
I , ___ I 
IH1gh I0.32 5 
IHigh--------10,32 
I High- I0,32 
I ____ I 
IH1gh- I0,32 5 
I High --10,32 
IHigh---------10,32 
I I 
I I 
IHigh---------10.32 5 
IHigh-------10.32 
I I 
I I 
I . ___ I 
ILow I0.43 5 
IModerate-----10.37 
I I 
I ___ 1 
ILow--- I0.43 5 
IModerate-----10,37 
I . ___ 1 
ILow -10.371 5 
IModerate-----10,321 
IH1g -10,321 
I High I0,321 
I , ____ 1 I 
ILow I0,371 5 
IModerate-----l0.371 ·I 
IHigh---------l0,371 I 
I I I I 
ILow::::_:_-.:_-10.151 5 I 
I Low --I0.151 I 
I I I I 

hi 
a 
<2' 

:·:t --:.·!· ·-(2 
:~. 
:.~ 
\~, 

-<'~-5 
;_;·;. 

2-6 

(2 

. ,, ... f. 

(1 
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TABLE 16.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Cont1nued 

- I I I I I I Erosion 
Map symbol and IDepthlClay <2mm1Permeability I Available I Soil I Salinity I Shrink-swell factors Organic 
soil name I I I I water lreactionl I potential matter 

I I I lea ac1t I I K I T 
In Pct Int.hr IMin l!!! Mmhoa~cm fil 

I I I I I I 31-------------- 0-8 I 2-8 6.0-20 10.01-0.0416.6-8.4 >4 ILow -10.151 5 <l 
Mustang 8-601 2-8 6.0-20 10.01-0.0416.6-8.4 >4 ILow --10.151 

I I I I I I 32--------------- 0-7 I 10-25 0.6-2.0 10.05-0.1116.6-8.4 2-16 ILow----------10.491 5 -5-2 
Narta 7-181 35-45 <0.06 I 0.-0.0211.4-9.0 >8 IHigh--------10.431 

18-741 30-45 <0.06 I 0.-0.0211.9-9.0 >8 IHigh---------10.431 
I I I I I I 33------- 0-131 10-27 0.6-2.0 10.11-0.2111.4-8.4 <2 ILow I0.431 5 .5-2 

Norwood 13-481 18-35 0.6-2.0 10.15-0.2211.9-8.4 <2 ILow -10.431 
48-641 10-.35 0.6-2.0 I0.15-0.2217.9-8.4 <2 ILow----------10.43 

I I I I I 
34- 0-261 10-27 0.6-2.0 I0.17-0.2117.4-8.4 <2 ILow I0.43 5 .5-2 
Norwood 126-401 18-35 0.6-2.0 10.15-0.2211.9-8.4 <2 ILow I0.43 

140-601 10-35 0.6-2.0 10.15-0.2217~9-8.4 <2 ILow- I0.43 
I I I I I I 

35:• I I I I I I 
Norwood---------1 0-181 27-40 0.6-2.0 10.18-0.2211.4-8.4 <2 IModerate-----10.32 5 .5-2 

118-551 18-35 0.6-2.0 10.15-0.2217.9-8.4 <2 ILow---------10.43 
155-631 10-35 0.6-2.0 I0.15-0.2217.9-8.4 <2 (Low-- (0.43 
I I I I I I 

Asa-------------1 0-111 18-35 0.6-2.0 10.11-0.2216.6-8.4 <2 ILow 10.28 5 1-3 
111-381 18-35 0.6-2.0 10.11-0.2211.9-8.4 <2 ILow---------10.43 
138-601 10-35 0.6-2.0 10.15-0.2211.9-8.4 <2 ILow-------10.43 
I I I I I I 

36-- ---1 0-261 40-60 0.06-0.2 0.12-0.2216.1-8.4 <2 IHigh---------10,32 5 1-3 
Pledger 126-501 35-60 <0.06 0.12-0,1817,4-8.4 I <2 IHigh---------10,32 

150-641 I 1-----------1----
I I I I I 

37: 1 I I I I I 
Pledger 0-261 40-60 0.06-0.2 0.12-0.22 6.1-8.4 I <2 (High---------10.32 5 1-3 

26-501 35-60 <0.06 0.12-0.18 7,4-8.4 I <2 (High---------10,32 
50-601 I 1-------------1---1 

I I I I I 
Urban land, I I I I I 

I I I I I 
38-- 0-601 60-80 <0.06 0.14-0.19 7-4-8.4 I <2 IHigh- I0,321 5 1-4 
Sumpf I I I I I 

I I I I I I 
39 0-141 35-70 <0.06 (0.05-0,10 6.6-8.4 I 4-16 IHigh--------10,321 5 2-10 
Surfside 14-721 60-80 <0.06 10.01-0.1011.4-8.4 I >16 IHigh---------10.321 

I I I I I I I 
10------ 0-281 27-35 <0.06 I0.01-0.0316.6-8.4 I >16 IModerate-----10.431 5 

. Tatlum 128-601 18-35 <0 ♦-06 (0.01-0.03(6.6-8.4 I >16 IModerate-----10,431 

I 11 
I I I I I I I I 

---1 0-5 I 35-60 <0.06 10.01-0.0316.6-8.4 I >16 IHigh---------10,371 5 
Tracosa I 5-601 35-60 <0.06 I0.01-0.0316.6-8.4 I >16 IHigh--------10.371 

I I I I I I I I 
12 --1 0-301 60-70 <0.06 10.06-0.1216.6-9.o I >8 IHigh- 10.321 5 2-10 
Velasco 130-651 60-70 <0.06 10.01-0.1011.4-8.4 I >16 IHigh 10.321 

I I I I I I I I i. 13-_____ 
I 0-111 27-40 0.2-0.6 10.05-0.1516.6-8.4 I IModerate-----10.491 5 <l 

[, 

Yeaton 111-261 12-27 0.6-2.0 10.02-0.1011.9-9.o I >8 ILow--------f0.491 E 

126-601 15-35 0.06-0.2 10.02-0.1017,9-9.0 I >8 IModerate----10,321 [' 

I I I I I I I I I: 

''--------------1 0-101 15-27 0.6-2.0 10.02-0.1016.6-8.4 I >8 ILow--------10,491 5 <l 
[r 

Yeaton 110-281 12-27 0.6-2.0 10.02-0.1011.9-9.o I >8 ILow---------f0.491 "' 
128-601 15-35 0.06-0.2 10.02-0.1011.9-9.o I >8 IModerate----10.321 
I I I I I I I t. 

1 See description of the map unit for composition and behavior characteristics of the map unit. I'-
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REXXlRD OF 
CXHD«CATlal Ix I HJcne can 1= I Disc.nssiai 1= I Field Trip 

1= I OJnCerence 1= I other (Specify) Ref. s 

'IO: 
Bill Shipp 
Water SUperintement 
Freeport, TX 
(409) 233-3526 

SCJBJErl' 

(Record of Item <llecked Above) 

Jahn L. Jones 
FIT Analyst 
ICF Technology 
f214 l 744-1641 

DATE 

TIME 

City of Freeport Water utility 
smH\RY OF CXHIJNICATIQI 

6/13/88 

0938 

Mr. Shipp said that the city was on ground am surface water. the north side 

(old Velasco) has 3 wells in it. the south side (Freeport) has 3 wells. with one 

standby. the standby has very poor water. 'Ihe intake from the r:ow fresh water 

canal is just about where Hwy. 523 intersects with the canal am the canal is on 

the south side of the r:ow Barge canal. 'lhe city water utility serves only the city 

limits with the exception of the Jones creek am Slaughter road area. 'lhe Bridge 

Harbor area is in the city limits even though it is abouts miles away am is in 

the city water system. 

'lhe cities of Jackson am Clute have wells but are smn going to a surface 

water system based at the intersection of Hwy. 332 am Hwy. 3004 nm by the 
<XtiCIDSICIE, ACI'Ial 'm:KEH <R REUJ].RW 

Brazos Port Water Authority. 

INRHWl.'.Ial <X>P.IES 
'IO: 

EPA RH1 130o-6 (7-72) 
Replaces EPA 112 Fm:m 5300-3 Which May Be Used Until SlJR>].y is Exhausted. 



'ID: 

REXXlRD OF 
CXIHlNICATICH 

Bill Shipp 
Water SUperintement 
City of Freeport (serv. 
blm. \ r rt. TX. 
SlJBJH:!I.' (409) 233-4241 

Ix I Ib:lne can I= I l)j saJSS;.an I= I Field Trip 

1=1 OJnfm:ence 1=1 other (Specify) Ref. 6 

FKM: 
(Record of Item Checked Above\ 

John L. Jones 
FIT - Analyst 
ICF Technology 
(214 \ 744-1641 

DAm 

TIME 
6/29/88 

1610 

City of Freeoort Water utility 
~ OF CDHJNICATICH 

I called to clarify several ooints about the water :resources aroum Freeoort. 

I thanked him for sending me the map showing the location of the city wells. He 

said the one well marked E + caldwell is well #11 on the intersection of Avenue E and 

caldwell street. which also is the location of two 500.000 gallon undergrourrl 

purrp storage tanks. 'lhe entire utility has 3. 600 ex>nnections and serves about 

13. 500 people. All private. domestic and industrial wells (i.e. J:k:M Cllemical} are 

outside the city limits. I asked if there was any mixing between the water 

supply north of the old Brazos river channel verses south of the channel. He said 

that there is sane but not much. originally the area north of the Old Brazos was 
a:tlCIDSICES, ACTICH '12\REN Cl< RIQ).I.R&) 
the town of Velasco and they did not have the surface water intake off the I:k:M canal 

till they became a part of Freeoort. NC7i1 the north oost is primarily on surface 

with sane grourrl water (i.e. well #11} • 'lhe south Freeoort side is primarily grourrl 

water. However. two 12" water lines go across the Old Brazos river to connect 

the north and south systems so there is sane mixing. Grourrl water is found 180' - 200' 

deep. I asked about surface water usage and tidal influence. he said that the 

Brazos is salty all arourxi Freeoort due to tidal influence. I:k:M canal intakes are 

at l} Brazoria and 2) Harris reseJ:VOirs. 'lhe intake is about 15 miles North of 

Freeoort with the Harris 8 miles North of Brazoria. therefore the I:k:M fresh water 

canal did not have tidal influence. '!here is no irrigation from the surface water 

arourrl Freeoort due to the salty water. However. in Northan Brazoria c:x:mrty there 

was rice fanning that probably used surface water irrigation. but this would be 

more than 10 miles from Freeoort. SUrface water use in the area downstream of 

the site would include ship and Barge transport. 
INRHVd'ICH <DP.IES 
'ID: 

EPA K.A1 1300'.""6 (7-72) 
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Toxicology Review: NEURAi 3,58,53; PHREA7 19, 
472,39; FNSCA6 2,67,73. 

THR: A barbiturate. HIGH orl in hmn. MOD via oral 
route. A depressant. Large doses cause poor judgment, 
emotional instability and at times a toxic psychosis. 
Neurological signs may include nystagmus, dysarthria 
and ataxia. A potentially fatal dose = 5g, although 
recovery reported from 33g. Continued use of this mate
rial may lead to habituation. 

Disaster Hazard: When heated to decomp it emits tox 
fumes of NO.r. 

AMITRlPTYLINE-N-OXIDE 

CAS RN: 4317140 NIOSH #: HO 9550000 
mf: ~ 23NO; mw: 293.44 

SYNS: 
AMITRIPTYLINOXIDE 

TOXICITY DATA: 3-2 

1-PROPANAMINE, 3-(10,ll-DIHY· 
DR0-5H-DIBENZO(A,D)cYCLO
HEPTEN•5•YLIDENE)-N,N·Dl· 
METHYL•N-OXIDE 

CODEN: 
orl-rat LDso: 1800 mg/kg ARZNAD 28,1898,78 
ipr-rat LDS0: ll0 mg/kg ARZNAD 28,1898,78 
ivn-rat LD50=25 mg/kg ARZNAD 28,1898,78 
orl-mus LD50=330 mg/kg ARZNAD 28,1898,78 
ipr-mus LOso:320 mg/kg ARZNAD 28,1898,78 
ivn-mus LOS0:87 mg/kg ARZNAD 28,1898,78 
orl-dog LD50:3J0 mg/kg ARZNAD 28,1898,78 
orl-rbt LDso:330 mg/kg ARZNAD 28,1898,78 
orl-gpg LDS0:33Q mg/kg ARZNAD 28,1898,78 

THR: HIGH via ipr, ivn, and oral routes. MOD oral. 
Disaster Hazard: When heated to decamp it emits tox 

fumes of NO.r. 

AMMINE PENTAHYDROXO PLATINUM 

mf: HaNO5Pt; mw: 297.2 

THR: An explosively unstable compound. See also plati
num compounds. Explodes @ > 250°. 

AMMONIA 

CAS RN: 7664417 
mf: HaN; mw: 17.04 

NIOSH #: BO 0875000 

Colorless gas, extremely pungent odor, liquefied by com
pression. mp: -77.7°, bp: -33.35°, lel = 16%, uel = 
25_%, d: 0.771 g/liter @ 0°, 0.817 g/liter @ -79°, au
totgn. temp.: 1204°F, vap. press: 10 atm @ 25.7°, vap. 
d: 0.6. Very sol in water, mod sol in ale. 

SYNS: 
AMMONIA ANHYDROUS 
AMMONIAC (FRENCH) 
AMMONIACA (ITALIAN) 
AMMONIA OAS 

TOXICITY DATA: 3-2 
mmo-esc 1500 ppm/JR 
~-rat-ihl 19800 ug/m3/16W 
~1-hmn LCLo:Joooo ppm/SM 
ihl-hmn TCLo: 20 ppm TFX: IRR 
unk-man LDLo: 132 mg/kg 
orl-rat LDso:350 mg/kg 

AMMONIAK (GERMAN) 
AMONIAK (POLISH) -
SPIRIT OF HARTSHORN 

CODEN: 
AMNTA4 85,ll9,51 
BZARAZ 27,102,74 
TJSGA8 45,458,67 
AGGHAR 13,528,55 
85DCAI 2,73,70 
PHIT .. 

AMMONIA-D 257 

ihl-rat LCLo:2000 ppm/4H JIHTAB 31,343,49 
ihl-mus LD50=4837 ppm/lH NTIS*• PB214-270 
ihl-cat LCLo:7000 ppm/lH JIHTAB 26,29,44 
ihl-cat TCLo: 1000 ppm/l0M AEHLAU 35,6,80 
ihl-rbt LCLo=7000 ppm/lH JIHTAB 26,29,44 
ihl-mam LCLo=sooo ppm/SM AEPPAE 138,65,28 

Aquatic Toxicity Rating: TLm96= 10-1 ppm WQCHM* 
2,-,74. 

TLV: Air: 25 ppm DTLVS* 4,16,80. OSHA Standard: 
Air: TWA 50 ppm (SCP-V) FEREAC 39,23540,74. -
DOT: Nonflammable Gas, Label: Nonflammable Gas 
FEREAC 41,S7018,76. Occupational Exposure to Am
monia recm std: Air: CL 50 ppm NTIS**. "NIOSH 
Manual of Analytical Methods" VOL 1 205, VOL 5 
S347#. Reported in EPA TSCA Inventory, 1980. 

For further information see Vol. 2, No. 1 in DPIM Re
port. 

THR: MUT data. A hmn IRR. HIGH orl, unk (man), 
ihl. Powerful irr to eyes (@ 140 ppm) and mu mem 
of respiratory tract. Signs and symptoms of exposure 
are irr of the eyes, conjunctivitis, swelling of the eyelids, 
irr of the nose and throat, coughing, dyspnoea and 
vomiting. Irr of the skin may be experienced, especially 
if it is moist. Corneal ulcers have been reported follow
ing splashing of ammonia water in the eye. A common 
air contaminant; 

Fire Hazard: Low, because it is difficult to ignite, when 
exposed to heat or flame. 

Spontaneous Heating: No. Requires high cone in air be
fore it catches fire. 

Explosion Hazard: Mod, when exposed to flame or in a 
fire. NHa + air in a fire can detonate. 

Incomp: In contact with Ag, acetaldehyde, acrolein, B, 
Bis, halogens, BrF5, HC1O3, ClO, ClF3, chlorites, chlo
rosilane, Cr03, chromyl chloride, (ethylene dichloride 
+ liquid ammonia), ethylene oxide, Au, hexachloro
melamine, (hydrazine + alkali metals), HBr, HOCl, 
Mg(ClO,h, Hg, HNO3, NO2, N2O,, NCls, NFs, nitryl 
chloride, OF2, P2O5, P2O3, picric acid, (K + AsHa), 
(K + PHa), (K + NaNO2), KClOa, potassium ferri
cyanide, potassium mercuric cyanide, AgCl, (Na + 
CO), Sb, S, SC12, tellurium hydropentachloride, trichlo
romelamine, boron halides, ClNs, ethylene oxide, 
NO2Cl, gold(Ill)chloride, CrOa, dichlorine oxide, 
OsF2, ammonium peroxo disulfate, H2O2, (02 + Pt), 
AgNOa, Ag2O, SbHa, TeCI., tetramethyl ammonium 
amide, SOCl2, thiotrithiazylchloride. 

Disaster Hazard: Mod dangerous; when exposed to heat, 
emits tox fumes of NHs and NO.r. 

To Fight Fire: Stop flow of gas. 
For further information see Vol. 3, No. 3 of DPIM Report. 

AMMONIA-D 

mf: NDa; mw: 20.05 

Gas. mp: -74°; bp: -33.4°. 

SYN: TRIDEUTERIO AMMONIA 

THR: See ammonia, anhydrous. 
Incomp: Oxidizing materials. 



1952 MOLDCIDIN B 

SYNS: 
FLAVOMYCIN 
MENOMYCIN 

TOXICITY DATA: 
scu-mus LOS0:soo mg/kg 
ivn-mus LDS0:200 mg/kg 

3-2 

THR: HIGH ivn; MOD scu. 

MOLDCIDIN B 

MOENOMYCIN A 

CODEN: 
85ERAY 1,740,78 
85ERA Y 1,740,78 

CAS RN: 11006307 NIOSH #: QA 3710000 

Produced by an actinomycete strain Streptomyces sp. 
1068 (85ERA Y 2,994,78) 

SYN: PENTAMYCIN 

TOXICITY DATA: 
orl-mus LOSO: 1624 mg/kg 
ipr-mus LOSO: 14 mg/kg 

3-2 

THR: HIGH ipr; MOD orl. 

CODEN: 
85ERAY 2,994,78 
85ERAY 2,994,78 

MOLECULAR SIEVE 13X with 14.6% DI-n
BUTYLAMINE 

TOXICITY DATA: 
eye-rbt 26 mg SEY 
orl-rat LOS0:2000 mg/kg 

2 

ihl-pig LCLo: 1650 mg/m3/150M 

NIOSH #: QA 3900000 

CODEN: 
UCOS .. 6/14/60 
ucos•• 6/14/60 
ucos•• 6/14/60 

THR: MOD orl, ihl. An eye irr. See also di-n-butyl
amine. 

MOLECULAR SIEVE 13X with 16.6% PIPERIDINE 

NIOSH #: AQ 3950000 

TOXICITY DATA: 
eye-rbt 26 mg SEY 
orl-rat LOS0:2800 mg/kg 
skn-rbt LOS0:3800 mg/kg 

2 CODEN: 
ucos•• 6/14/60 
ucos•• 6/14/60 
ucos•• 6/14/60 

THR: HIGH orl, skn. An eye irr. See also piperidine. 

MOLINDONE HYDROCHLORIDE 

CAS RN: 15622658 NIOSH #: NM 3325000 
mf: Cuill2,N2O2•CIH; mw: 312.88 

SYNS: 
3-ETHYL-6, 7-DIHYDR0-2-

METHYL-5-MORPHOLINO
METHYLINDOLE-4(5H)-oNE 
HYDROCHLORIDE 

TOXICITY DATA: 3-2 

3-ETHYL-6, 7-DIHYDR0-2-
METHYL-5-MORPHOLINO
METHYLINDOL-4(5H)-oNE HY• 
DROCHLORIDE 

CODEN: 
orl-rat LOSO: 180 mg/kg TXAPA9 18;185,71 
orl-mus LOS0:670 mg/kg FEPRA7 26,738,67 
ipr-mus LDS0:243 mg/kg 27ZQAG -,134,72 

THR: HIGH orl, ipr; MOD orl. 
Disaster Hazard: When heated to decomp it emits very 

tox fumes of NOr and HCI. 

MOLLICELLIN C 

NIOSH #: AQ 4215000 

TOXICITY DATA: 
mmo-sat 20 ug/plate 

THR: MUT data. 

MOLLICELLIN E 

TOXICITY DATA: 
mmo-sat 20 ug/plate 

THR: MUT data. 

MOLYBDATE ORANGE 

CAS RN: 12656858 

SYNS: 
CHROME VERMILION 
c.1. 77605 
C.I. PIGMENT RED 104 

TOXICITY DATA: 

CODEN: 
AEMIDF 36,412,78 

NIOSH #: AQ 425 

MOLYBDATE RED 
MOLYBDENUM RED 
NCI-C54626 

Reported in EPA TSCA Inventory, 1980. EPA TS 
8(a) Preliminary Assessment Information Pro · · 
Rule FERREAC 45,13646,80. ·-· 

THR: No data. See also molybdenum and chromi ,. 
''·\ 

MOLYBDENUM 

CAS RN: 7439987 
af: Mo; aw: 95.94 

NIOSH #: QA 468 
:c. 

. r:di 
' .. ,: 

Cubic, silver-white metallic crystals or gray-black po.w 
mp: 2622°; bp: approx 4825°; d: 10.2; vap preu:'_f'· 
@ 3102°. ' 

TOXICITY DATA: 3 CODEN: 
orl-rat mLo:6050 ug/kg (35W pre) GISAAA 42(8),30,7, ;111:' 
orl-mus TOLo:448 mg/kg (MON) AEHLAU 23,102,71- ts,:. 
ipr-rat LDLo: 114 mg/kg 28ZLA8 -,214,61 : · ,,,~ 
itr-rbt LDLo:70 mg/kg NTIS•• PB249-458 ,_._w· .. •. 

. ·•.·> ..... 
TLV: Air: 5 mg/m3 (soluble compound) DTL .· ·· 

4,289,80. Air: 10 mg/m3 (insol. compound) DTLYS 
4,289,80. Toxicology Review: JA VMA4 164(3),277~7 
FOREAE 7,313,42; KOTTAM 11(11),13~~v 
"NIOSH Manual of Analytical Methods" V(?._. .'' 
173#. Reported in EPA TSCA Inventory, 198~,lt~-

THR: HIGH ipr, itr. See also molybodenum . · _ . 
pounds .· .. u·y;,_ 

Fire Haz~rd: MOD, in the form of dust; when ·ex.''.•·_ 
to heat or flame, violent reaction with BrFa, elf~-. 
and PbO2• See also powdered metals. · ·:. 11 

Explosive Hazard: Slight, in the form of dust, wh~1r 
posed to flame. See also powdered metals. · ·' " 

Incomp: Oxidants. 

MOLYBDENUM AZIDE PENTACHLORIDE
1 

:·_i\ 
,. 'i l'l. 

mf: Cl5MON3; mw: 315.22 . 

THR: No tox data. See also azides, chlorides. I~,.·· '· 
explosion hazard. . ~-

Disaster Hazard: When heated to decomp it emits 
tox fumes of NO.rand c1-. ' /'J, 



LYBDENUM COMPOUNDS 

' . HIGH exper ipr and scu. Molybdenum and its 
· mpounds_ are _highly t?x bas~ upon ani~~l experi
, ts. But m spite of their considerable use m industry, 
· industrial poisoning by molybdenum inhal has 

· to be reported. Some studies have been made of 
· effects, and it is suggested that suitable precautions 
· uld be taken against human inhal of significant 
• ounts of the more sol molybdenum compounds. Ex
. · entally, no fatalities occurred to those subjected 
molybdic oxide fumes for 25, 1-hour exposures at 
· average cone of 1.5 mg/cu ft of air, and only 1 

• 'ty in 24, 1-hr exposures to molybdenite dust at 
· average cone of 8.1 mg/cu ft of air. 
Molybdenum is rapidly excreted by the body. Experi
. ts with the sodium salts of hexavalent chromium, 
•· ten and molybdenum have shown that sodium 

, r lybdate is the least tox of the three, and is less tox 
'i1owing intraperitoneal injection than either sodium 
·· mate or sodium tungstate in equivalent doses. All 
~lybdenum compounds can be referred to molybde-

- wn or to more tox anions if present. 
'R.ecent studies have shown that molybdenum has 
portance as a trace element in the normal growth 
d development of certain forms of plant life. It is 
" d also in animal tissue, although its precise function 
unknown. It is a common air contaminant. 

LYBDENUM DIAZIDE TETRACHLORIDE 

oN6; mw: 321. 79 

'.R: See also molybdenum compounds and azides. 
·. ion Hazard: Highly explosive. 
· ter Hazard: When heated to decomp it emits very 

· _' fumes of NO.r and c1-. 

NIOSH #: QA 4688000 

CITY DATA: 3 CODEN: 
' LDso:31g mg/kg ZVKOA6 19,186,74 
I,. 

rted in EPA TSCA Inventory, 1980. EPA TSCA 
) Preliminary Assessment Information Proposed 

. e FERREAC 45,13646,80. 
l- HIGH scu. See also molybdenum compounds. 

lYBDENUM PENTACHLORIDE 
'.· 

NIOSH #: QA 4690000 
.., 

-black solid, dark-red as liquid or vapor; hygro
reacting with water and air, sol in dry ether, dry 

Ind other anhydrous organic solvents; mp: 194°; bp: 
; d: 2.9. 

CITY DATA: 3 
,.:ORM-B, Label: None FEREAC 41,57018,76. Re

in EPA TSCA Inventory, 1980. 

MONILIFORMIN 1963 i ! · 

THR: HIGH tox. See hydrochloric acid and molybdenum 
compounds. 

Disaster Hazard: Dangerous. See also hydrochloric acid, 
c1-. 

MOLYBDENUM(IV) SULFIDE 

mf: MoS2; mw: 160.07 

Black lustrous powder. mp: 1185°; bp: decomp in air; 
d: 4.80 @ 14°. 

SYNS: 
MOLYBDIC SULFIDE MOLYBDENITE 

THR: See also sulfides, molybdenum compounds. 
Disaster Hazard: When heated to decomp it emits tox 

fumes of SO.r, 
Incomp: Potassium nitrate. Violent reaction with H2O2. 

MOLYBDENUM TRIOXIDE 

CAS RN: 1313275 NIOSH #: QA 4725000 
mf: MoO3; mw: 143.94 

White or yellow to slightly bluish powder or granules; 
sol in 1000 parts water in cone mineral acids and solutions 
of alkali hydroxides, ammonia or potassium bitartrate; 
mp: 795°; bp: 1155°; d: 4.696 @ 26° /4° which solidifies 
to a yellowish-white mass, sublimes at higher temp; Low 
solubility in H2O, 

SYNS: 
MOLYBDIC ANHYDRIDE 

TOXICITY DATA: 3 
ipr-mus TDLo=4750 mg/kg/7W-I 

TFX:NEO 
orl-rat LDS0:125 mg/kg 
ipr-gpg LDLo:400 mg/kg 
ihl-man TCLo:6 mg/m3/4Y 

TFX:PUL 
ihl-rat LC75:4JI mg/m3/1H 
scu-mus LD50:94 mg/kg 

MOLYBDIC'TRIOXIDE 

CODEN: 

EQSSDX 1 
ZVKOA6 

OSHA Standard: Air: TWA 5 mg(Mo)/ 
FEREAC 39,23540,74. Reported in EPA TS 
tory, 1980. EPA TSCA 8(a) Preliminary Assess 
Information Proposed Rule FERREAC 45, 13646,8 . 

THR: An exper NEO. A hmn PUL. HIGH orl, ipr, 
scu, ihl. A powerful irr. See also molybdenum com
pounds. Violent reaction with CIF3, Li, Mg, K, Na. 

Incomp: Interhalogens; metals. 

MONILIFORMIN 

CAS RN:· 52591227 NIOSH #: QA 6130000 

Isolated from Fusarium Moniliforme sheldon, a fungus 
found on maize (FCTXA V 15,579,77) 

TOXICITY DATA: 3-2 CODEN: 
orl-rat LDso:41 mg/kg 
orl-ckn LDS0:4 mg/kg 
orl-dck LD50=3680 mg/kg 

THR: HIGH orl; MOD orl. 

FCTXAV 15,579,77 
FCTXA V 15,579,77 
FCTXA V 15,579,77 

' i .• 
'" 



i-V ALERYL-k-STROPHANTHIDIN 

CAS RN: 63979737 NIOSH #: FH 4980000 
mf: C2sH,oO1; mw: 488.68 

SYN: ISOVALERYL·K-STROPHANTHIOIN 

TOXICITY DATA: 
ivn-cat LDLo=880 ug/kg 
ivn-rbt LDLo=700 ug/kg 

THR: HIGH ivn. 

3 CODEN: 
AEPPAE 185,329,37 
AEPPAE 18S,329,37 

Disaster Hazard: When heated to decomp it emits acrid 
smoke and fumes. 

VALINE 

CAS RN: 72184 NIOSH #: YV 9361000 
mf: CsH11NO2; mw: 117.17 

An essential amino acid; white crystalline solid; sol in 
water; very slightly sol in ale; insol in ether; mp (di): 
298° (decomp); mp (1): 315°; d (l): l.230. 

SYNS: 
L(+ )-ALPHA-AMINOISOV ALER IC 

ACID 

TOXICITY DATA: 
ipr-rat LDSo:5390 mg/kg 

1 

L•VALJNE 

CODEN: 
ABBIA4 S8,2S3,SS 

Reported in EPA TSCA Inventory, 1980. 
THR: LOW ipr. A nutrient and/or dietary supplemental 

food additive. 
Disaster Hazard: When heated to decomp it emits tox 

fumes of NOz. 

d-VALINE 

CAS RN: 640686 NIOSH #: YV 9360000 
mf: CsH11NO2; mw: 117.17 

TOXICITY DATA: 1 CODEN: 
ipr-rat LDS0:6093 mg/kg ABBIA4 64,319,S6 

Reported in EPA TSCA Inventory, 1980. 
THR: LOW ipr. 
Disaster Hazard: When heated to decamp it emits tox 

fumes of NOr, 

VALINOMYCIN 

CAS RN: 2001958 NIOSH #: YV 9468000 
mf: Cs,H90N6O1s; mw: 1111.50 

Shiny rectangular platelets. mp: 190°. Almost insol in 
Water; very sol in petr ether, ether, benzene, chloroform, 
glacial acetic acid, butyl acetate, acetone. 

·" SYN: ANTIBIOTIC N-329 B 

.. __ TOXICITY DATA: 3 CODEN: 
., orl-mus LDso:2500 ug/kg 85ERA Y l,325,78 
. tpr-mus LD50=980 ug/kg 85ERA Y l,325,78 

leu-mus LDso:4140 ug/kg 85ERA Y l,325,78 

ieported in EPA TSCA Inventory, 1980. 
'lf R: HIGH orl, ipr, scu. 

Disaster Hazard: When heated to decamp it emits tox 
fumes of NOr. 

VANADIUM COMPOUNDS 2717 

VALISONE 

CAS RN: 2152445 NIOSH #: TU 3835000 
mf: C21Hs1FO6; mw: 476.64 

SYNS: 
BETAMETHASONE-17-VALERATE BETA·METHASONE-17-VALERATE 

TOXICITY DATA: 
scu-rat LDLo:2000 mg/kg 
scu-mus LDLo= 100 mg/kg 

3-2 

THR: HIGH scu; MOD scu. 

CODEN: 
ARZNAD 27,2102,77 
ARZNAD 27,2102,77 

Disaster Hazard: When heated to decamp it emits tox 
fumes of F-. 

VALONEA TANNIN 

SYNS: 
QUERCUS AEGILOPS L. TANNIN 

TOXICITY DATA: 
scu-rat TDLo=750 mg/kg/2W-I 

TFX=ETA 

3 

NIOSH #: YW 0305000 

TANNIN FROM VALONEA 

CODEN: 
BJCAAI 14,147,60 

THR: An exper ET A. See also tannin. 

VANADIUM 

CAS RN: 7440622 
af: V; aw: 50.94 

NIOSH #: YW 1355000 

A bright white, soft ductile metal; slightly radioactive; 
bp: 3000°; d: 6.11 @ 18.7°; mp: 1917°. Insol in water. 

TOXICITY DATA: 3 
ims-rat IDLo:340 mg/kg/43W-l 

TFX=ETA 

CODEN: 
NCIUS• PH 43-64-

886,SEPT, 71 

TL V.· Air: 0.05 mg/m3 DTLVS* 4,425,80. Occupational 
Exposure to Vanadium recm std: Air: TWA 1.0 mg(V)/ 
m3 NTIS**. "NIOSH Manual of Analytical Methods" 
VOL 3 S391, VOL 5 173#,290#. Reported in EPA 
TSCA Inventory, 1980. 

THR: An exper ET A. See also vanadium compounds. 
Fire Hazard: MOD in dust form from heat or flame, 

sparks. 
Disaster Hazard: Violent reaction with BrF3, Cl2, Li, oxi-

dants. 

VANADIUM AZIDE TETRACHLORIDE 

mf: Cl4N3V; mw: 234.76 

THR: No tox data. See also vanadium compounds, azides, 
chlorides. Explosive. 

Disaster Hazard: When heated to decamp it emits very 
tox fumes of c1- and NOr, 

VANADIUM COMPOUNDS 

THR: Variable. Vanadium compounds act chiefly as irr 
to the conjunctivae and respiratory tract. Prolonged 
exposures may lead to pulmonary involvement. There 
is still some controversy as to the effects of industrial 
exposure on other systems of the body. Responses are 
acute, never chronic. 

•·. 



2718 VANADIUM DICHLORIDE 

The first report of vanadium poisoning in hmns de
scribed rather widespread systemic effects, consisting 
of polycythemia, followed by red blood cell destruction 
and anemia, loss of appetite, pallor and emaciation, 
albuminuria and hematuria, gastrointestinal disorders, 
nervous complaints and cough, sometimes severe 
enough to cause hemoptysis. More recent reports de
scribe symptoms which, for the most part, are restricted 
to the conjunctivae and respiratory system, no evidence 
being found of disturbances of the gastrointestinal tract, 
kidneys, blood or CNS. Though certain workers believe 
that it is only the pentoxide which is harmful, other 
investigators have found that patronite dust (chiefly 
vanadium sulfide) is quite tox to animals, causing acute 
pulmonary edema. The fumes are highly tox. 

Symptoms and signs of poisoning are pallor, green
ish-black discoloration of the tongue, paroxsymal 
cough, conjunctivitis, dyspnea and pain in the chest, 
bronchitis, rales and rhonchi, bronchospasm, tremor 
of the fingers and arms, radiographic reticulation. See 
also specific compounds. 

These are common air contaminants. 

VANADIUM DICHLORIDE 

CAS RN: 10580526 
mf: Cl2V; mw: 121.84 

NIOSH #: YW 1575000 

Hexagonal green plates, deliquescent. d: 3.23 @ 18°. Sol 
in absolute ale; glacial acetic acid. 

TOXICITY DATA: 2 CODEN: 
orl-rat LD50:540 mg/kg AIHAAP 30,470,69 

Occupational Exposure to Vanadium recm std: Air: CL 
0.05 mg(V)/m3/15M NTIS**. 

THR: MOD orl. See hydrochloric acid and vanadium 
compounds. 

Disaster Hazard: Dangerous; see chlorides; will react with 
water or steam to produce tox and corrosive fumes. 

VANADIUM ORE 

TOXICITY DATA: 3 

NIOSH #: YW 1630000 

CODEN: 
ihl-hmn TDLo:4 ug/kg:PUL AMIHAB 12,635,55 

Occupational Exposure to Vanadium recm std: Air: CL 
0.05 mg(V)/m3/15M NTIS**. 

THR: A hmn PUL. See also vanadium compounds. 

VANADIUM OXIDE TRIISOBUTOXIDE 

CAS RN: 19120628 NIOSH #: YW 1115000 
mf: C12H21O, V; mw: 287.14 

SYNS: 
ISOBlJTYL ORTHOVANADATE TRIISOBlJTYL VANADATE 
TRIISOBUTOXYOXOVANADIUM TRIISOPROPOXYVANADIUM OX· 
TRIISOBUTYL ORTHOVANADATE IDE 

. TOXICITY DATA: 
skn-rbt 500 mg/24H SEV 
eye-rbt 100 mg SEV 

3-2 CODEN: 
PESTC* 9,5,80 
PESTC* 9,5,80 

orl-rat LD50:293 mg/kg 
skn-rbt LD50=1930 mg/kg 

PESTC* 9,5,80 
PESTC* 9,5,80 

THR: HIGH orl; MOD skn. A skn, eye irr. See also 
vanadium compounds. 

Disaster Hazard: When heated to decomp it emits acrid 
smoke and fumes of VOz. 

VANADIUM OXYTRICHLORIDE 

CAS RN: 7727186 NIOSH #: YW 2975000 
mf: ClsOV; mw: 173.29 

Yellow deliques liquid; mp: -77° ± 2°; bp: 126.7°; d: 
1.811 @ 32°. 

SYN: VANADYL TRICHLORIDE 

TOXICITY DATA: 
orl-rat LD50: 140 mg/kg 

3 CODEN: 
AIHAAP 30,470,69 

DOT: Corrosive Material, Label: Corrosive FEREAC 
41,57018,76. Occupational Exposure to Vanadium 
recm std: Air: CL 0.05 mg(V)/m3/15M NTIS**. Re
ported in EPA TSCA Inventory, 1980. 

THR: HIGH orl. See vanadium compounds and hydro
chloric acid. Can react violently with P. 

Disaster Hazard: When heated to decomp it emits tox 
fumes of c1-. 

For further information see Vol. 1, No. 8 and Vol. 2, 
No. 2 of DPIM Report. 

VANADIUM PENTOXIDE (DUSTI 

CAS RN: 1314621 
mf: O, V 2; mw: 181.88 

Yellow to red crystalline powder. mp: 690°; bp: decomp 
@ 1750°; d: 3.357 @ 18°. . 

SYNS: 
ANHYDRIDE VANADIQUE 

(FRENCH) 
C.I. 77938 
VANADIC ANHYDRIDE 
VANADIUM OXIDE 
VANADIO, PENTOSSIDO DI (ITAL· 

IAN) 

TOXICITY DATA: 3 

VANADIUMPENTOXID (GERMAN) 
VANADIUMPENTOXYDE (DUTCH) 
VANADIUM, PENTOXYDE DE 

(FRENCH) . ;· 
WANADU PIECIOTLENEK (POL•.; 

ISH) .'. 

CODEN: 
mrc-bcs 500 mmol/L MUREAV 77,109,80 
ihl-hmn TCLo:346 mg/m3:PUL AMIHAB 19,497,59 
ihl-hmn TCLo: 1 mg/m3/8H=ALR AEHLAU 14,709,67 
orl-rat LDS0:10 mg/kg ATXKA8 16,182,S6 * 
ihl-rat LCLo:10 mg/m3/2H NTIS** AEC-TR-6710 . ·, :: 
ipr-rat LDS0: l 2 mg/kg A TXKA8 16, 182,S6 <: _.-" 
scu-rat LDS0:J4 mg/kg ATXKA8 16,182,56 ,'' :· '. 
itr-rat LDLo:25 mg/kg NTIS** AEC-TR-6710 ,.:,g .\ 
scu-mus LD5o: 10 mg/kg ZVKOA6 19,186,74 
ihl-cat LCLo:soo mg/m3/23M 30ZIAO -,140,64 
scu-rbt LDLo:20 mg/kg 27ZWAY 3.3,1S41,· 
ivn-rbt LDLo:10 mg/kg 27ZWAY 3.3,1S41,-
scu-gpg LDLo:20 mg/kg 30ZIAO -,140,64 

TLV: Air: 0.5 mg/m3 DTLVS* 3,275,71. ToxicologyR~ 
view: FRMBAZ 21(6),325,73; 85DHAX V,46,7ti' 
27ZTAP 3,150,69. OSHA Standard: Air: CL 500 ug{: 
m3 (SCP-O) FEREAC 39,23540, 74. Occupational El~ 
posure to Vanadium recm std: Air: CL 0.05 mg(V)/ 

-
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REXXlRD OF 
<DHJNICAT.Iaf 

Ron Bisbee 
US Fish and Wildlife 
AnJleton, TX 
(409\ 849-6062 
~ 

Ix I lbclle can 1= I DJsaJSSicn 1= I Field Trip 

1= I ameceuce 1= I other (Specify) Ref. 11 

FKK: 
(Record of Item Olecked Above l 

Jahn L. Jones 
FIT Analyst 
ICF Technology 
(214 \ 744-1641 

CME 

TIME 
6/30/88 

1115 

IDcation Of Wildlife Refuges. Erpargered Species Habitats. and Wetlands In 'lhe Area 
~ OF <DHJNICAT.Iaf 

Mr. Bisbee said that he manages the wildlife refuges in the area and that there are 

no Federal refuges within 1 mile or less. 'lhe closest refuge is a state wildlife refuge 

3-4 miles to the west. '!here are 2 federal refuges 5-6 miles away. As for erpangered 

species habitats. there are Brown Pelicans at the San Bernard. refuge 9-10 miles 

away from Freeport. Since Freeport was built on salt water marshes the surroun:ting 

marshes (located on the tqpol are considered coastal wetlands. because there is 

tidal influence and the water in the marshes is salty. '!here are no fresh water 

wetlands within 1 mile or less. He said he would serd me a cx;,py of a map locating 

these coastal wetlands. Mr. Bisbee said for more info:nnation I could call the US 

Wildlife Ecological Sel:vices field office in Clear lake at (713) 750-1700. where they have 
CXH::UEIQE, ACTiaf '.12\REN CR REQJIRED 
staff biologists that could answer questions on errlangered species and wildlife 

impact refuges. 'lhe Field SUpervisor there is David Handly. 

INFORMAT.Iaf WP.LES 
'10: 

EPA RBI 1300-6 (7-72) 
RepJaa-s EPA Ill Fam 5300-3 'Which Hiy Be Used Until Slg>l.y is Exhausted. 
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RtXXJRD OF 
~CATIOf \ x I 1bclle can 1= I Discussim 1= I Field Trip 

1=1 Cmfensrn 1=1 other (Specify) Ref. 13 

(Record of Item Checked AboYe\ 

Bill Shipp 
Water SUperinternent 
Freeport Service Bldg. 
~~ · rt. TX. 
SDBJB:!l' (409) 233-4241 

John L. Jones 
FIT Analyst 
ICF Technology 
{214 \ 744-1641 

Alte:rnative Source Of Water For Freeport 
SCHmml' OF CDHJNICATICE 

DATE 

TIME 
7-7-88 

1205 

Mr. Ship said that currently the city obtains 1. 3 million qpd. of surface water from 

Iklw' s fresh water canal. '!he balance is from qroup:i water for a total of 2 .13 

million qpd. '!be contract with IkJw expires in 1990-1991. however. there is a clause 

in the contract with IkJw that if an alternate source of surface water becomes 

available then IkJw could cancel the contract earlier. An alternate source will 

beoome available in Mardi 1989. Freeport will begin obtaining 2 million gpd. from 

the Brazos Port Water Authority (EMA) that is installing a pipe line from far 

upstream on the Brazos rive to serve Angleton. Clute Iake Jackson. Brazoria. 

surf side and Freeoort. At that time Mr. Ship fully anticipates that IkJw will cancel 

the contract and the shortfall between the city's need of 2 .133 million qpd.. 
cnam:ICH;, ACI.'ICE 'm'l<m' C1I< REUJ].RED 
per day and the sup_ply of 2 million gpd. from EMA will still ;rem.tlre the use of 

the city's wells. He said that the city will always use the wells and 

surface water in combination since one source alone will not be sufficient. 

DIRlRMATICE CDPIES 
'10: 

EPA RHI 1300-6 (7-72) 
Replaas EPA 112 Fam 5300-3 Which May Be Used Until SlJR>].y is Exhausted. 





The upper part of the Beaun:or.: Cl.ay fronts many of the lagoons and bays 
along the coast encl extends inlan~ acjace~: :c :te major river valleys as allu
vial plains. The fo::':!la:ion here :s co=?osec of ~nterbedded, unconsolidated, 
light-colored sands and clays a~d ~~no= lenses of gypsum, coquina, and caliche. 
It ranges in thickness from Oto 2CO(?) feet. 

Sands in' the alluvial plains are a minor source of water for domestic and 
livestock needs except in the Rio Grande Valley where they may yield small to 
large amounts for irrigation, industry, and public supply. Sand beds in the 
upper part of the Beaumont Clay near the coast yield only small to moderate 
amounts of water used chiefly for public supply and industry. However, as these 
sand beds contain only small quantities of fresh water, they generally cannot 
sustain heavy pumping without resultant salt-water invasion. 

Recent Series 

Eolian Deposits 

Widespread eolian deposits cover almost 2,800 square miles in the southern 
part of the region, being thickest in Kenedy County where dunes are 30 to 50 
feet high. Farther west, the dunes are smaller and more stable. Dominantly 
west-blowing winds, semiarid climate, and the concentration of sand on the 
beaches of Kenedy County by longshore currents are the factors that create a 
more or less constant movement of sand dunes toward the interior. The sand is 
very fine, light-colored, well sorted, and unconsolidated. The sands readily 
absorb rains and in some places they yield small quantities of water to wells 
but should not be considered a dependable source for large supplies. 

Alluvium 

The upper delta deposits of the Rio Grande are an important source of 
ground water and they yield moderate to large quantities of fresh water for ir
rigation, public supply, and industry. The unconsolidated deltaic sands, silts, 
and clays are 100 to 300 feet thick near the river. 

Along the lower reaches of the Brazos River, unconsolidated sands and grav
els of the Brazos River alluvium yield moderate to large quantities of water for 
irrigation, public supply, and industrial purposes. 

Except along the Brazos River and the Rio Grande, most of the Recent allu
vial depostts along the rivers crossing the region are less than 30 feet thick 
and are not principal sources of water. 

Wave and storm action along the coast have built off-shore islands and sand 
dunes. These dune and island deposits, which consist of well-sorted, uncon
solidated, fine sand, 50 or n:.ore feet thick, p:-oduce sufficient water for live
stock and domestic needs i~ many places. Larger supplies of moderately saline 
water have been developed for sanitary and fire-fighting purposes on Matagorda 
and Mustang Islands, but are no longer used. The unconsolidated clay and silt 
that gradually is filling the bays and lagoons are not sources of fresh water. 
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Aquifers 

Because of the difficulty in differentiating the rocks of Miocene, Pliocene, 
and Pleistocene age in the subsurface, the rocks are grouped into four major 
aquifers. Figure 9 shows the areal extent of the aquifers. 

The principal aquifer in the region includes the Goliad Sand, Willis Sand, 
and Lissie Formation. The aquifer yields large quantities of fresh to slightly 
saline water in a wide belt extending from the Rio Grande to the Sabine River 
(Figure 9). Most of the water in the Goliad, Willis, and Lissie in subregions I, 
II, and III is fresh--less than 1,000 ppm (parts per million) dissolved solids-
and the sands have a large coefficient of transmissibility. Much of the water 
in subregions IV and Vis slightly saline and the thinner sands have a much 
smaller coefficient of transmissibility. 

The aquifer that includes the Catahoula Sandstone, Oakville Sandstone, and 
the Lagarto Clay yields small to large quantities of fresh to slightly saline 
water in a wide belt extending from near the Rio Grande to the Sabine River 
(Figure 9). The aquifer in the Catahoula, Oakville, and Lagarto has less sand 
thickness than that in the Goliad, Willis, and Lissie and a smaller coefficient 
of transmissibility. Also, the chemical quality of the water is much less con
sistent. In many parts of the region, water from the Catahoula, Oakville, and 
Lagarto is slightly saline, although fresh water is yielded from many wells, es
pecially in subregions I, II, and III. 

The Beaumont Clay is an aquifer in a large part of the region between the 
Nueces and Sabine Rivers; wells tapping sand beds in the Beaumont Clay yield 
small to moderate amounts of water throughout much of the area outlined on 
Figure 9. Where the wells tap the basal sa~d (Alta Loma of Rose (1943)) in 
southeastern Harris County, Galveston County, and Orange County, they yield 
large quantities of fresh to slightly saline water. The quality of water from 
the Beaumont Clay generally is better east of the Colorado River than west. 

Alluvium of Recent age is a principal aquifer in the Rio Grande Valley in 
Hidalgo and Cameron Counties (Figure 9). The chemical quality of water from the 
alluvium in the Lower Rio Grande Valley varies considerably from place to place, 
but generally is better nearer the. river (Baker and Dale, 1961, p. 49). 

Alluvium also is an aquifer in other major river valleys crossing the re
gion, although it is used extensively only in the Brazos River Valley. Major 
wells tapping the alluvium in the Freeport area yield water for public supplies 
and industries. Irrigation wells tap the alluvium in Waller, Fort Bend, and 
Brazoria Counties. 

Figure 9 shows that in many parts of the region a single well might tap two 
or more of the major aquifers; in fact, many wells do, especially the large
capacity wells in the Houston area. 
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GROUND WATER IN THE SAN JACINTO RIVER BASIN AND ADJACENT 
COASTAL AREAS (SUBREGION II) 

General 

Subregion II is the smallest subregion, having an area of about 5,500 square 
miles, but it has about 50 percent of the population (about 1,500,000). Houston, 
the largest city, had a population of more than 938,000 in 1960. Galveston, the 
second largest, had a population of about 67,000. 

The climate is moist subhumid; the average annual precipitation at Houston 
is about 45 inches. 

For discussion, subregion II is divided into thirds, roughly of the same 
size, designated the northern, central, and southern. The northern third lies 
north of a line extending through the intersection of U. S. Highway 290 and the 
Harris-Waller County line and the intersection of U. S. Highway 59 and the 
Liberty-Montgomery County line. The southern third lies south of a line that 
passes through the connnon corner of Fort Bend, Harris, and Brazoria Counties and 
the point where the San Jacinto River enters Galveston Bay just south of Baytown 
(Plate 4). 

Occurrence 

Fresh to slightly saline water is present in nearly every part of subregion. 
II. The most prolific water-bearing sands are in the central third in Harris · 
County and adjoining parts of Waller, Fort Bend, and Liberty Counties. The base·; 
of the fresh to slightly saline water in part of this area is more than 3,000 ! . 
feet below sea level, although in most of the area it is between 2,000 and 3,000 
feet below sea level and is at or above sea level near a salt dome in western ; -·· 
Harris County (Plate 5). Nearly all of the areas where the base of fresh to 
~~~g~~!id:~line water is at a shallow depth are associated with salt domes or \ {f' 

! :if;, 
The total thickness of the fr~sh to slightly saline water-bearing sands in;· Jf}! 

the central third of the subregion.is generally between 800 and 1,200 feet : ·.'• ·. 
(Plate 6). Most of the sand in this area is in the upper 1,500 feet of sedi- i ,. 
ments (principally the aquifer in the Goliad, Willis, and Lissie) where the l} > 
ratio of sand to clay is from l: 1 to 2: 1. The deeper sediments contain a small;-;,~_ 
er ratio of sand to clay and are principally in the aquifer in the Lagarto, Oak•,-"•:-, 
ville, and Catahoula. ·• h: 

\: 
In the southern third, the base of the fresh to slightly saline water rise¥: 

rather sharply from about 2,400 feet below sea level in Harris County to l~OOO·j 
1,400 feet below sea level in Brazoria and Galveston Counties, thence it rises k. 
gently to 600-800 feet at the coastline. >? 

J{ 
The principal aquifer in the southern third is the Beaumont Clay. In west~:

ern Chambers County, southeastern Harris County, and Galveston County, a massiv• 
sand 100 to 250 feet thick at the base of the Beaumont Clay, the Alta Loma sand 
yields large quantities of water to wells. However, the Alta Loma contains 
salty water in southern Galveston County in the Texas City and Galveston areas .. -_ 
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The Alta Loma is present in extreme eastern and southern Brazoria County near 
the coast, but is not recognizable in the central and northern parts oi the 
County. The sand beds in the upper part of the Beaumont Clay throughout most of 
Galveston and Brazoria Counties in subregion II furnish moderate to large quan
tities of water to major wells, although near the coast the water is generally 
slightly saline. In northern Brazoria County and the southeast corner of Fort 
Bend County, the upper part of the Goliad, Willis, and Lissie yields water to 
we_lls, ·but the lower part contains moderately saline to saline water. The total 
thicKness of fresh to slightly saline water sand in the southern third ranges 
from less than 100 to more than 800 feet, averaging about 400 feet (Plate 6). 

In the northern third, the base of the fresh to slightly saline water zone 
is generally from 1,400 feet to 2,000 feet below sea level. However, an area in 
central Montgomery County possibly has fresh to slightly saline water at a depth 
as great as 3,600 feet below sea level. The presence of fresh to slightly 
saline water to this depth is indicated by electric logs but has not been con
firmed by sampling. Sand beds containing moderately saline to saline water lie 
above the deep fresh to slightly saline water and below the general level of the 
base of the fresh to slightly saline water (Plate 5). Some of the northern 
third was not contoured because of the laclt of electric logs and other data. 

The principal aquifer in the northern third is in the Catahoula, Oakville, 
and Lagarto. The Goliad, Willis, and Lissie yield moderate to large quantities 
of water to wells in northeastern Waller, southern Montgomery, and northwestern 
Liberty Counties but thins rapidly northward so that only shallow wells tap the 
section in the latitude of Conroe. The Catahoula, Oakville, and Lagarto yields 
moderate to large quantities of water to wells throughout the northern third. 

Section D-D' (Figure 6) through subregion II shows that the thickest part 
of the fresh to slightly saline water zone and the greatest total thickness of 
sands are in the central third. Although much of the northern third has a thick 
fresh to slightly saline water zone, the thicKness of sand is proportionately 
less because most of the zone is made up of the aquifer in the Catahoula, Oak
ville, and Lagarto, which has a much lower ratio of sand to clay than does the 
aquifer in the Goliad, Willis, and Lissie. 

Major wells in the central third discharge from 1,000 to more than 3,000 
gpm and average about 2,000 gpm. The specific capacities of wells in this part 
of the subregion range from 20 to 55 gpm per ft. The major wells tap from 1 to 
20 or more different sand beds, and most withdraw water from more than one for
mation, although those wells that tap the Alta Loma sand in eastern Harris 
County generally do not tap underlying sand beds. Most major wells in the cen
tral third tap sands in the aquifer in the Goliad, Willis, and Lissie, although 
many also tap sand beds in the Catahoula, Oakville, and Lagarto. Wells are as 
deep as 2,500 feet. The coefficient of transmissibility of the Alta Loma sand 
ranges from 90,000 to 150,000 gpd per ft. The coefficient of transmissibility 
measured in the other aquifers in the central third ranged from 50,000 to more 
than 200,000 gpd per ft., depending on the thickness of sands tapped by the well. 

Major wells that tap the Alta Loma sand in the southern third yield from 
750 to 1,500 gpm; the wells have specific capacities ranging from 20 to 40 gpm 
per ft. Major wells tapping the sand in the upper part of the Beaumont Clay 
yield from 100 to 500 gpm and have specific capacities of from less than 5 gpm 
per ft. to as mu_ch as 20 gpm per ft. The coefficient of transmissibility of 
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the sands in the upper part 
much as 40,000 gpd per· ft. 
than 150 feet deep, tapping 
the irrigation of row crops 

of the Beaumont ranges from less than 5,000 to as 
In subdivision SJ-BR-3, several major wells are less 
alluvium of Recent age. Most of them are used for 
during periods of below-normal precipitation. 

Major wells tapping the aquifer in the Goliad, Willis, and Lissie in the 
northern third yield from 300 to 2,500 gpm. The specific capacities of wells 
tested ranged from 8 to 40 gpm per ft. and the coefficient of transmissibility 
ranged from 6,000 to 85,000 gpd per ft. Major wells tapping sand beds in the 
Catahoula Sandstone and the Lagarto Clay yield from 100 to 1,000 gpm. The speci
fic capacity in those wells tested was about 8 gpm per ft. or less and the co
efficient of transmissibility ranged from 14,000 to 45,000 gpd per ft. 

Chemical Quality 

The chemical quality of ground water in subregion II is generally very 
good, especially in the central third. Except for the water in the slightly to 
moderately saline zones, the hardest water is yielded by wells generally less 
than 500 feet deep. Most of the water from deeper wells is softer than that 
from shallow wells except where the dissolved-solids content is more than 1,000 
ppm. Most of the water in subregion II in the fresh to slightly saline zone 
has a dissolved-solids content of less than 500 ppm. 

Table 4 contains chemical analyses of water from representative wells in 
subregion II--31 fresh, 4 slightly saline, and 2 moderately saline. All three 
types of water can be obtained anywhere in the subregion except that fresh water 
is unavailable in an area near the coast in Brazoria and Galveston Counties. In 
the rest of subregion II slightly saline and moderately saline water lie suc
cessively beneath the fresh water. In sands that are continuous over several 
miles, all three types of water can be obtained in the same sand because pro
gressively more saline water is present downdip beyond the body of fresh water. 

Because of the many different sand beds tapped by most major wells, the 
quality of the water produced from adjacent wells may be significantly different. 
The permeability and thickness of the sand beds change from place to place. 
Thus, if two similarly screened wells are 1,000 feet apart, one may obtain a 
greater proportion of-water from a different depth. The temperature of the 
water ·discharged from wells also is different in many places for the same rea
son. The temperature of ground water in subregion II normally is equal to the 
average annual air temperature plus about 1°F for each 75 to 100 feet of depth. 
Wells less than 1,000 feet deep generally yield water between 70° and 80°, wells 
between 1,000 and 1,800 feet deep yield water between 80° and 90~, and wells 
deeper than 1,800 feet yield water of 90°, or more. 

Water suitable for public supply is obtained in the northern third from 
wells tapping the aquifer in the Catahoula, Oakville, and Lagarto and in the 
southern part from the aquifer in the Goliad, Willis, and Lissie (wells 1-9, 
Table 4). In the northern third the ·1ower part of the Catahoula, Oakville, and 
Lagarto contains slightly saline water. 

In the central third, water suitable for public supply is obtained from 
wells tapping the Goliad, Willis, and Lissie and the upper part of the Cata
houla, Oakville, and Lagarto. In southeastern Harris County the sands in the 
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Table 4.--Analysee of water from wells in subregion II 

(Results are in parts per million except specific conductance, pH, and SAR.) 
Water-bearing unit: B. Beaumont Cla~·; C~ Catahoula Sandstone; C, Goliad Sand; L, Lissie Formation; La, Lagarto Clay; O, Oakville Sandstone; ~'- :-:illis Sanc.i. 

Loe at ion Scr~t-nt.'d lJater .. Silica Iron Manga- Cal- Magne- Sodium and Bicar- Sul- Chlo- Fluo- ~i- Phos- Boron Dls- H'.HU- SoC i,,J~ 

Analysis of inter\'al bear- (S102) (Fe) nese cium sium potassium bonate fate ride ride t rate phate (B) solved :i~ss "::sorp-

:\o. Wal I (ft.) ing (Total) (Mn) (Ca) (Mg) (Na + K) (HC03) (504) (Cl) (F) (i,03) (P04) solids as t ior. 

unit CaC03 ratio 
(SARj 

I Huntsville, 360- C -- -- -- 86 3°.2 71 314 20 73 -- o.o -- -- 480 228 2.0 

lolalker County 659 

2 ; mi. 5S\ol Hunts- ?- O,La 35 -- -- 228 8.1 62 364 28 290 -- 2 .0 -- -- 835 602 l.l 

"ii le. Walker 115 
County 

: 
3 13 :r.i. SSE Hunts- 160- 0,La 45 I· 

- 0.04 -· 98 2.5 40 249 II 90 0. l 0 -- -- 434 255 l. l 

vii le. Walker 180 
County 

4 San Jacinto County, 574- c,o, -- I, .OJ -- 79 7 .4 52 270 10 77 -- .0 -- -· 386 228 l. 5 

22 mi. NE Conroe 586 La 

5 San Jacinto County, 560- c,o, -- .!' 4.3 -- 52 12 60 320 15 22 -- .0 -- -- 319 180 l. 9 

6 mi. NW 582 La 
Cleveland 

6 8 mi. N Conroe, * 805- c,o. 32 .61 0.02 52 7.6 40 5.9 272 12 1 7 . 2 .o 0.08 0.07 301 161 1.4 

~ontgomery County 880 La 

; In Conroe: *l ,090- c,o, 26 .18 .01 34 6.6 90 7.5 281 26 45 2 ,0 .08 .06 373 I l 2 3. i 

~ontgomery County 1,320 La 

e I 5 :ni. ~1' Con- ? • c,o, 25 .! .05 -- 126 7.6 20 6.4 403 4.9 42 .6 . 2 -- -- 433 346 . 5 

roe. Montgomery 230 La 
County 

9 ~ontgomery County, ?- G,W,L 24 -- -- 15 .9 14 64 4.3 9.0 -- 2.5 -- -- IOI 41 I. 0 

14 mi. SW 39 
Cleveland 

10 26 :,ii. ~,._, Houston, ?- G,W,L 26 -- -- 25 3.4 41 124 4.4 42 -- -- -- -- 203 76 --
Harris County 400 

II 19 mi. l\ Houston, 1,037- G,W,L 17 .80 -- 10 3,4 140 2.2 294 II 68 .8 . 2 -- ,30 398 39 9.: 
Harris County 1,052 

12 In Houston, ?- G,W,L 24 4.8 -- 42 11 35 4.0 203 14 40 .0 . 5 -- .32 271 150 l. 2 

Harris County 745 

I 3 do *l,001- C,L 22 !· .I -- 4.3 l. l 202 4.0 400 3. 7 8: l.8 .o -- .46 520 15 23 

2,510 

14 do * 785- G,W,L 17 .07 .00 4.8 l.O 173 '9 3;0 9.3 53 I.I .o .3 . 34 4.:.3 H- 19 
' 1,755 

I 
i 

3491 15 do * 692- G,W,L 23 .! . 02 -- 33 7.6 66 5.8 243 12 )~ ' . 2 -- -- :1.:. 2.-: 

1,490 j 

-mm 

Sptc.!iic 
co:-,cuct-

a:ict- pH i (mic ro:nhos 
at 25 'C) I 

I 

. :.~ -- i 
I 

: .• ;.c, I -- I 
I 
' ! 
I 

66C 6. : 

! 
-· 

1 · -

:3:- --

... .: 7. 7 

~;) -.t 

I 
I 

,, ! 7 .C 

1i:..-. t.7 

i 

-- 2.0 

.:.~s 5.2 

.:.. ~ ~ f. 

r:.s: " ,' 

-3- I~ 2 
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I 
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Location Screened 
Analysis of interval 

No. Well (ft.) 

16 do * 530-
1,000 

17 do *l,050-
1,715 

18 16 mi. W Houston, 449-
Harris County 464 

19 In Houston, 1-
Harris County 1,224 

20 do 7-
1,710 

21 22 mi. E Houston, 1-
Harria County 606 

22 25 mi. W Houston, 2,830-
Harris County 2,930 

23 Fort Bend County, ?-
30 mi. W Houston 172 

24 Fort Bend County, * 555-
20 mi. SW Houston 802 

25 do 1,545-
1,606 

26 Chambers County, ?-
9 mi. NE Baytown 886 

27 Brazoria County, 1-
14 mi. S Houston 87 

28 Brazoria County, 590-
25 mi. S Houston 715 

29 3 mi. SE Angleton, 1-
Brazoria County 235 

30 23 mi. SE Houston, 480±-
Harris County 610± 

31 11 mi. NW Texas * 498-
City, Galveston 576 
County 

32 4 mi. W Texas * 578-
City, Galveston 700 
County 

33 In Texas City, 897-
Galveston County 1,004 

See footnotes at end of table. 

Water- Silica 
bear- (Si02) 

ing 
unit 

G,W,L 28 

G,W,L 15 

G,W,L 22 

G,W,L 17 

G,W,L 17 

B --

c,o, 29 
La 

G,W,L --

c,w,L --

G,W,L 14 

B 19 

B --

L(7) ,B 18 

B 17 

B 30 

B 14 

B 15 

B --

Table 4.--Analyses of water from wells in subregion 11--Continued 

Iron Hanga. Cal- M~gne- Sodium and Bicar- Sul- Chlo- Fluo-
(Fe) nese cium shun potassium bonate fate ride ride 

(Tota I) (Mn) (Ca) (Mg) (Na + K) (HC03) (S04) (Cl) (F) 

0.07 0.00 42 8.0 56 2.0 243 14 36 0.3 

.II . 00 10 3. I 120 1. 7 284 11 37 .6 

_!/ .28 -- 72 7 .4 34 2.3 266 4.6 46 .0 

!I .00 -- 4.0 I. 1 225 474 .4 82 --

.00 -- 5.5 1. 5 139 296 13 47 --

-- -- 8.2 2.5 170 364 5 68 --

1.1 -- 62 7.9 2,000 18 806 2.6 2,710 . 7 

-- -- 100 10 28 290 4 78 --

-- -- 68 12 35 238 10 63 --
_!/ .03 -- 14 3.6 119 6.6 259 16 61 1.0 

-- -- 100 24 686 -- 388 443 770 --

-- -- 80 28 96 427 -- 110 --

.04 -- 16 5.0 259 342 l 240 1.0 

_!/ .05 -- 14 5.2 284 428 2 224 1.3 

-- -- 9.3 2.9 142 308 .2 65 --
}/ .02 -- 5.4 1.3 182 3.6 370 2 79 l.O 

.50 -- 7.7 2.2 265 3.4 430 2 178 1.0 

-- -- 39 15 797 350 2 1,100 --

Ni- Phos- Boron Dis• Hard- Sodium Spec if ic 
trate phate (8) solved ness adsorp- conduct-
(N03) (P04 ) sol ids as tion a nee pH 

CaCo3 ratio (micromhos 
(SAR) at 25°C) 

0.2 0.1 0.08 310 138 2. I 516 7 .8 

.0 .5 .26 344 38 8.5 574 8.0 

.2 -- -- 310 210 1.0 544 7. 0 

.o -- -- 585 14 26 967 7.7 

.0 -- -- 379 20 14 625 7.8 

.2 -- -- 448 31 13 728 --

-- -- 7.9 5,230 187 64 8,990 7.5 

.5 -- -- 407 290 . 7 -- --

-- -- -- 305 219 1.0 -- --

.2 -- -- 363 50 7.3 661 7.6 

2.5 -- .74 2,240 348 16 3,750 7.5 

-- -- -- 544 318 2.3 -- --

.o -- -- 7.09 60 15 -- 8.1 

.8 -- -- 759 56 17 -- --

.0 -- -- 400 35 10 670 8.0 

.2 -- -- 471 19 18 838 8.1 

1.2 -- -- 698 28 22 1,270 7.9 

1.2 -- -- 2,130 159 27 4,560 --



°' w 

Location Screened Water-
Analysis of interval bear-

No. Well (ft.) ing 
unit 

34 10 mi. W Texas * 703- B 
City, Galve■ton 884 
County 

JS 12 mi. NW Teua * 647- B 
City, Galveaton 767 
County 

36 In Galveston, ?- B 
Galveatoo· County 397 

37 do *l,185- B 
1,310 

* Not screened throughout interval . 
.Yiron in solution at time of analysis. 

Silica 
(Si02) 

28 

26 

17 

35 

Table 4.--Analyses of water from wells in subregion Il--Continued 

Iron Manga- Cal- Magne- SodilDII and Bicar~ Sul- Chlo- Fluo-
(Fe) nese cium sium potassium bonate fate ride ride 

(Total) (Mn) (Ca) (Mg) (Na + K) (HC03) (S04) (Cl) (F) 

.. -· 50 19 561 332 0.8 815 .. 

-- -- 19 5.6 236 347 2.0 210 0.6 

-- -· 18 14 562 745 1.8 490 .. 

-- .. 87 53 2,130 330 .0 3,400 .. 

Ni• Phos- Boron Dis- Hard- Sodium Specific 
trate phate (B) solved ness adsorp- conduct-
(N03) (P04) sol ids as tio~ ance pH 

Caco3 ratio (micromhos 
(SAR) at 25°C) 

0.2 .. . . 1,640 203 17 3,070 8.1 

.0 -- ·- 680 70 12 1,200 8.4 

7.8 .. -- 1,480 102 24 2,670 8.5 

-- -- -· 5,870 435 44 10,500 7.5 



Beaumont Clay also furnish water of good quality; however, here the Catahoula, 
Oakville, and Lagarto contains slightly to moderately saline water and the base 
of the fresh to slightly saline zone rises rapidly. At the Harris-Galveston 
County line the Goliad, Willis, and Lissie contains slightly saline water. 

In the southern third, the only water suitable for public supply is ob
tained from sands in the Beaumont Clay except for the uppermost sands of the 
Goliad, Willis, and Lissie in Brazoria County. No major wells btain fresh 
water south of a line intersecting the boundary of the subregion 10 miles south 
of Angleton and running through Texas City. 

Industrial water is obtained from wells throughout the subregion although 
the wells in southern Brazoria and Galveston Counties yield slightly to moder
ately saline water, which generally is used for cooling. Water from the rest 
of the subregion connnonly can be selected for the purpose for which it is to be 
used by testing the different sands as the wells are drilled and screening only 
those yielding the most favorable water. For example, many laundries in Houston 
drilled wells tapping sands 1,000 to 1,500 feet deep to obtain soft water. Iron 
generally is not a problem in water from major wells in the subregion. 

Water for irrigation is obtained generally from wells that are shallower 
than the public-supply and industrial wells. The shallower water generally has 
a higher calcium and magnesium content and, therefore, a lower SAR. However, 
with the ample rainfall and the rotation practices of rice irrigators, even a 
high SAR water may be used successfully. 

Utilization 

The total pumpage from all major wells (Plate 4) in subregion II in 1959 
was about 380,000 acre-feet, an average rate of about 340 mgd. Of course, the 
daily rate was much higher during the warmer months than during the winter be
cause nearly all the irrigation water was pumped during the spring and summer; 
much of the industrial water is used for cooling and more is used in summer than 
in winter; also more water is used for public supply in summer than in winter. 
The largest withdrawal from major wells in 1959 was for public supply, about 
140,000 acre-feet, although withdrawals for industrial uses and for irrigation 
were nearly as large, about 130,000 and 120,000 acre-feet, respectively (Table 
5). In several of the dry years during the 19SO's, the largest use of ground 
water was for irrigation. 

Most of the pumpage in subregion II is from major subdivisions SJ-8, SJ-9, 
and SJ-10, SJ-BR-1, and TR-SJ-1 (Plate 4), these subdivisions also having the 
greatest concentration of major wells. The principal use of ground water in 
SJ-8 is for irrigation, in SJ-9 for public supply, and in SJ-10 for industry. 

The city of Houston and its suburbs depend upon wells for 80 percent of 
the water in the public-supply systems, and pumped 97 mgd of the approximately 
120 mgd pumped for public supply in subregion II in 1959. In addition to the 
ground water used, about 25 rngd of treated surface water was sold by the Houston 
Water Department in 1959 ~or public supply. Also, about 75 mgd of untreated sur
face water was sold to industries along the Houston Ship Channel. All cities in 
the subregion (II) except Houston depend exclusively on wells for their public 
supplies, although industries in the Baytown and Texas City areas use both ground 
water and surface water. 
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EXPLANATION 

D 
. Fill and Spoil 

Fill, F, material dredged for raising land surface above alluvium and barrier island deposits 
and for creating land. Spoil. S. dredged material forming islands along waterways 

Alluvium 
Clay, silt, sand. and gravel. organic matter abundant locally; includes point bar, natural levee, 

stream channel, backswamp, coastal marsh, mud flat, clay dune, sand dune, and oyster 
reef deposits. Includes older deposits exposed in pits in floodplain of Guadalupe River 
in vicinity of Victoria 

~ 
Barrier island deposit 

Sand, silt, and clay: most Iv sand. well sorted, fine grained, abundant shells and shell 
fragments; inter1inger~ with silt and clay in landward direction; includes beach ridge, 
spit, tidal channel. tidal delta. washover fan, and sand dune deposits 

Qd Qd 

Dewevville Formation 
Sand, silt, clay, and gravel. locally indur~ted with calcium carbonate (caliche); includes point 

bar, natural levee. stream channel, and locally, Recent and older sand dune deposits; 
surface characterized by relict meanders of much larger radius of curvature than those 
of present streams; thickness 50± feel Top surfaces range from a few feet to 40 feet 
above floodplain level along Guadalupe and Nueces Rivers; those surfaces 25 feet or 
more above floodplain level are shown by stippled pattern. Along Nueces River within 
the Beeville-Bay City Sheet, the Deweyville surface ranges from 45 feet above 
floodplain level at the sou them edge of the sheet to less than 10 feet at the western 
edge of the sheet 

Fluviatile terraces undivided 
Clay, silt, sand, gravel, and caliche, in deposits along valley walls; probably in large part 

correlatives of Deweyville, Beaumont, Lissie, and Willis deposits; may include some 
terraces cut in older rocks 

b 
b 

Beaumont Formation 
Beaumont Formation. Ob. with barrier island and beach deposits, Obb, mapped separately. 

Beaumont Formation. Ob, mostly clay, silt, sand, and gravel; includes mainly stream 
channel. point bar. natural levee, and backswamp deposits, and to a lesser ex tent 
coastal marsh, mud flat, lagoonal, Recent and older lake, clay dune, and sand dune 
deposits; gravel deposits mostly along Guadalupe River in vicinity of Victoria; 
concretions and massive accumulations of calcium carbonate ( caliche) and concretions 
of iron oxide and iron-manganese oxides in zone of weathering; surface almost 
featureless east of Guadalupe River with poorly defined meanderbelt ridges /with 
many pimple mounds especially towards eastern edge of map area) separated by 
relatively smooth featureless backswamp deposits; west of Guadalupe River surface 
pitted by shallow lakes or dry lake beds with associated clay dunes which in places 
align along meanderbelt ridges; pimple mounds only in vicinity of Qbb unit; thickness 
100± feet 
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The stippled overprint (source shown in Index to Geologic Mapping) shows areas that are 
"Dominantly clay and mud of low permeability, high water-holding capacity, high 
compressibility, high to very high shrink-swell potential, poor drainage, level to 
depressed relief, low shear strength, and high plasticity; geologic units include 
interdistributary muds, abandoned channel-fill muds, and fluvial overbank muds." The 
nonstippled areas are "Dominantly clayey sand and silt of low-moderate permeability, 
moderate drainage, level relief with local mounds and ridges, and high shear strength; 
geologic units include meanderbelt, levee, crevasse splay, and distributary sands" 

Barrier island and beach deposits, Qbb, mostly fine-grained sand, shells scarce; surface 
slightly higher than that of surrounding deposits, characterized by numerous pimple 
mounds and poorly defined relict beach ridges; includes many Recent, locally active 
sand dunes; probably part of "Ingleside" barrier island system; thickness less than 
60 feet 

Lissie Formation undivided 
Within the Beeville-Bay City Sheet, the Montgomery and Bentley Formations (upper and 

lower units of the Lissie) are essentially indistinguishable and for that reason are not 
separately mapped 

Sand, silt, clay, and minor amount of gravel; iron oxide and iron-manganese nodules 
common in zone of weathering, in upper part locally calcareous, some concretions of 
calcium carbonate; surface fairly flat and featureless except for numerous rounded 
shallow depressions and pimple mounds, lower part very gently rolling; characterized 
by "moderate permeability, moderate drainage, and high shear strength; geologic units 
include meanderbelt, levee, crevasse splay, and distributary sands and floodbasin mud 
over meanderbelt sand;" thickness 200± feet 

Willis Formation 
Gravel, sand, silt, and clay; gravel, mostly siliceous, locally cobble-size quartz and chert, 

some petrified wood; sand, fine to very coarse grained; clay, silty, light yellowish gray, 
where deeply weathered, mottled red and light gray; iron oxide concretions locally 
abundant, some beds highly indurated by iron oxide cement; fluviatile; forms 
landward escarpment; supports oak forest; discontinuous patches rest on Goliad 
Formation west of Guadalupe River, not shown where gravel is less than 2 feet thick; 
thickness 30± feet, pinches out southwestward 

GJ 
Goliad Formation 

Clay, sand, sandstone, marl, caliche, limestone, and, conglomerate; clay, commonly light 
shades of pink or green, locally contains calcareous concretions; sand and sandstone, 
medium to very coarse grained, in part crossbedded, mostly quartz, some black and 
red chert; conglomerate, black chert and dark siliceous granules and pebbles in 
calcareous (caliche) matrix; sandstone and conglomerate, locally well bedded; marl and 
limestone, poorly bedded or massive; Tertiary vertebrate and reworked Cretaceous 
invertebrate fossils fairly common; thickness 75-200 feet, thins northeastward. 
Partially obscured locally by Willis or Willis-like deposits of coarse gravel less than 
2 feet thick 

Mf 
Mfo 

Mo 

Fleming Formation and Oakville Sandstone 
Fleming Formation and Oakville Sandstone, Mfo, not separately mapped in southwestern 

part of sheet 
Fleming Formation, M f, clay and sandstone; clay, commonly calcareous, forms brownish 

black soil; sandstone, medium grained, calcareous, thick bedded, some crossbedding, 
light yellowish gray to light gray; some quartz and chert pebbles; fossil wood and 
vertebrate fossils locally common; thickness 1,300-1,450 feet 

Oakville Sandstone, Mo, sandstone and clay; sandstone, medium grained, calcareous, light 
yellowish gray to light gray, thick bedded, some crossbedding, locally contains quartz 
and chert gravel, fossil wood, and vertebrate fossils; clay, calcareous, yellowish gray; 
forms cuesta of smoothly rounded hills; thickness 300-500 feet 
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Catahoula Formation 
Clay and sand; clay, bentonitic, noncalcareous except for some calcareous concretions 

locally, light olive gray; sand, tuffaceous, crossbedded lenses, gray; some thin 
pelecypod-gastropod beds in basal part in northern part of sheet; thickness 350± feet 

~ 
~ 

Whitsett Formation 
The Whitsett Formation is subdivided into an upper unit, Edd, composed from the top down 

of the Dubose Member. and the Deweesville Sandstone Member, and a lower unit, Ecd, 
composed from the top down of the Conquista Clay Member and Dilworth Sandstone 
Member 

Dubose Member, clay, sandstone, and siltstone; clay, bentonitic, pale yellowish brown; 
sandstone and siltstone, tuffaceous; grades downward to Deweesville Sandstone 
Member; thickness 85 feet 

Deweesville Sandstone Member, sandstone, siltstone, clay, and tuff; sandstone, fine to 
medium grained, friable, tuffaceous, crossbedded, lenticular, gray to yellowish brown, 
locally bored by Ophiomorpha; thin beds of bentonitic clay and tuff; uranium deposits 
locally near base; thickness 30 feet 

Conquista Clay Member, clay and sandstone; clay, bentonitic, slightly carbonaceous, locally 
lignitic, pale to medium yellowish brown, some marine megafossils; sandstone, fine 
grained, lenticular; thickness 50 feet 

Dilworth Sandstone Member, sandstone, fine to medium grained, crossbedded to massive, 
generally friable, locally well indurated, gray to yellowish brown, abundantly bored by 
Ophiomorpha; thickness 40 feet 

Manning Formation 
Clay, tuff, and sandstone; chiefly bentonitic clay and lignitic tuff, some interbedded 

fine-grained, light yellowish gray sandstone; fossil wood common. Sandstone, fine 
grained, tuffaceous, indurated, brittle, thick bedded, forms resistant ledges within clay. 
Thickness 250-350 feet 

Geologic mapping mostly by T. E. Brown, J. L. Brewton, and 
Saul Aronow, Bureau of Economic Geology, The University 
of Texas at Austin, and D. H. Eargle, U.S. Geological Survey, 
with contributions gratefully acknowledged from Humble 
Oil & Refining Company (Exxon), Shell Oil Company, and 
sources shown on Index of Geologic Mapping. Hoye Eargle's 
manuscript mapping was received posthumously through the 
kindness of the U.S. Geological Survey; Barnes integrated 
the mapping into the Atlas Sheet. Appreciation is expressed 
to Soil Conservation Service, U.S. Department of 
Agriculture, for courtesies extended to Saul Aronow. 
Geologic mapping field checked and compiled by T. E. 
Brown, J. L. Brewton, and Saul Aronow using mosaics kindly 
furnished by Edgar Tobin Aerial Surveys and U.S. Geological 
Survey topographic maps. Geologic mapping scribed by R. L. 
Dillon. Geological mapping reviewed by Geologic Atlas 
Committee, Corpus Christi Geological Society, R. G. Martin 
(U.S. Geological Survey), Chairman, M. J. Maxon (Mobil Oil 
Corporation), John C. Wyeth (Continental Oil Company), 
K. A. Dickinson (U.S. Geological Survey). J. A. Knupke 
(Independent Geologist), C. E. Buck (Consulting Geologist), 
and Deane Dubois (Geological Drafting and Scouting 
Service). 
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Aperture carda: ____ ...;. _________________________________ -:: 

to; 
71 " 

<•> @J 
oEher 

Date A 
D[Uled: __ ,_._..,_'f_'2. __ _ 

!!I!!!!!= -~:....ii~ ... C:--==T~C=---"~-_/\..;· ... ..S~-~ 
.!:!!i (A) (I) (C) (J) (1,) ~ (M) . 
'c-'1 alr, bucket, ceat Jae multiple, multiple 
~ • • (ceat,) (curb, 

addre•• 
(ti) (P) (l) (S) (T) (e) 

MN, ptatoa, nt, 1ubaer1, curb, other 

ca> [El 
oEFier 

ft I I ~· ~-
r,=-,. s:~.D L..j.J ,o 

?!!!!!. ~ Mt LP __ 
.well dleaal~ pa, pNUu, hand, pa, vlad; !a!• 

□ tre•• or meter no. _______ _ 

~..:.: 
Deacrip. MP--------;::=::;:=:;::=';:::• S:::::;;=:::::;-:===:---·ft ~- Alt. KP _______ _ 

'2. 2. i 1 I Accurac : 5 I 7 0 i, 0 .,T 
Alt. LSD: _________ '--:,r-_,,:-_.-.r'-:=~~•:ou;:r;c:•~::;::::::::;---~-..;..--------- l:=..J ,s ., m 
~!:i ___ 1_3;:;..:'~· ... o-s~_ft ~'r~ Ft::: LSD I ; l :3 ! A I Accuracy: s~ 
D - '" l ~>-~•/, .,, Method 101 ..:::, , .·23-, 7 '~ 1; ~ ! 7'" ~' :', !Jr> , .. I : ! a; s iO I ~inedL"::'.J 

J. •• ! 1 

~I ______ ft [, ! ! •• I Accuracy: ------0 :rn!a1 _______ 11r11L • ..__L., J 
~~ 0 ~' ~ D VA.TD DATA: lroa Sulfate h:::::! Chloride L.i,-.1Rard,,1 

,i- r7 ,.. DatE.. ,i- I : I 
... s .. ,.., ... CoMUC==--c ________ , • 106'-,r .... T.-_....;.._ ___ •~I ,,i _ ! ,. I ...;1.. . 11 ~ ,; 

Teat■ • color etc 

. . 1,;· 

C -~ .. 
:e 
!' 



i_: f w.,11 No. _________ , __ ,-_.__. ___________ _ 

Latitude-longitude a ,. • 
II 
s a • 

HV DROGEOLOOIC CAI D 

I 
Phyeto1raphic ~ 

·'· SNII AS ON MAST!I c~. Province: ----------.. ---:--.. -_-:: .. -_,-,; .... ~ ~: 

[E] v::mu I s : 1. : Ce I Subb.uin: -------□ 
------- :u al "ff 

!2-2! ... u alt■: 

K.VOR 
AQUIFER: 

(D) 
4a,raadoa, 

(C) (B) ~ (R) (Cl (L) 
■t- cu-1. d■••~hilltop, atnk, av...,, 

(t) 
offahore, 

(P) (I) (~ (II) (Y) !r"1 
p•ll•■t. hUl■tde, terrace, unclulatl.q, valley flat ______________ ,,L£..i 

---~.~.r~1~.~ ...... --~-----■-q-u~1~r-.r-.... f~O-l'M--tl~o-n-,-g-rou-,---~ 

Iii □ Aquifer 
Lithology: ______________ L..,,,l.,,..J 2£!.m: ______ ,. Thickne■■: --,.-_-!"'-:.,-.,-_-:.,-_-,..--~f-t,. 

I Length of 9 L , ,., , Q. I Deptn to , 
-., .. 

1
_.__ .... .,5,,-1••11 OP!n to: ------'"2.;;.::~_fr ,. j • 11'.I top of: _____ '2._0 __ 1.s __ f.t L:,-~~J 

ISJl!!2l c:o w AQUIFER: -------- I ' ay■t• ■el'iH •• • aqullaj' 

3

:o,Uon, 1roup •• • 

Lithology: ______________ [J_.J Origin:______ ¢:~!::: .. : --,.-_-_-_-.,-.---.,,-~--ft-. 
I Length of I I Depth to f · 1 

.. "'!',...__ .... _,. vell open to: ft . top of• ft . 
u si -------- ..... ~.-'--_,,""l!JI~ • --------- 1,-,i"•.--..i..-.,.,, • ..1 

tntervah 'l , ,. 3 u. .:::::n:~ ___ o __ • __ ... __ ,!•--;:L=::;;:::::;::::::;=J;---------------1:==, 
conaoll tad rock• ________ f,t ...,_...,_...,_., Source of data: _____________ •• 

Depth to I I □ 
baewnt: ft Source of data: •• 

ii ii 
Surfldal L I j Infiltration □ 
■atartel:,.J..,, charactertetice: '

1 

Coefficient J ! ~ I 1:!oeffident L I J Tren■: ______________ ,tpd/ft •-►91•,..• _ _,,_
91
,i ..... Storge: ____________ ,. ! •• 

Coefficint o 
.!!!!!t -,rc1

; p capt m/ft; llallft ol geol0&lc cuda: _ 

F O. , .. C' A 

' I· 

' . 

--, _,. ,,_ 

,. 
J'llL~J rt:,b"7 

r 
I 

l I I 
I I ---1---·---f----
l I I 
1• I 1 

, I I I ____ .___ --'----
1 I 
I I 
I I I ----~---i---.&.--...:.--

1. ·•. I : 
JC • . I I 
! j I 

GPO 857-1110 

f ... ... 

e 

1 J 



WU 11111• (CW) 
AprU 1966 

V 11 0 H '8 I O f> - '-f c S 
• 1'0._ --------------

WELL SCHEDULE 
u. s. DEPT. or THE INTERIOR OEOLOOIC':Al. SURVEY 

"'tlJWC' 1 l~~7)•,::t"3Q!),a 

WATER. RESOURCES DIVISION -©-
MASTER CAID ·:J. :·. 

lteco~d by{ Q " 

~-_long 
Tcciiiicj: 

Local 
velTm.ber: 

:. '"\ 

• I 
Source 
of data 

DATA AVAILABLI: Well date□ 
70 

Pre9. W/L meea.: __ 1_~ __ -_S_S° __ -__ C,_7 ___ ~ield eguifer char. 72□ . ,,□ Ryd. lab • .. ta: 

Quel. vater data; .!II!!: ------------------------...----------
,.~ 

Freg. ■-Una: ___ C:)_._(. __ •_'9_7 __ _ Y•• Pumpaae inventor,: no• period: ________ _ ,,□ 

Aperture carda: -------------------------------------; .... .; 
,ea 77□ 
IO: 

71 ,. 

I Keaa._ 0 ll l 
rapt -••iiiciicuiiirriacicvy----::=..: 

; !!!!!!• / 0 ~ 

,.□~ 

1,. I lot 
ii io 

(Cl (Fl (P) (S) (T) (If) (X) 
Fi iah• poroiaa arri• •· open ped., ■cren, eel. pt., ahcired, oHn 
_n __ . concrete, (perf.) , , gallery, end, IIIUe, ocher 
Method (A) (I) (Cl (D) ®bt> (J) (P) (a) (T) (V) CW) (I) 
iirt'i'i';d: air bored, ceb •• clua hyd tted, air revere• tranc&ina, driven, drive--==,----
--- roe, , percuaaion, rotary, nah, oEher 

::~~led: J "L Y~O I C) '-I() I 9 ! '+ ! C) I Pump intake mug: _____________ ft ! 
~ ii JI 

(I) @:] 
o: 

H JI 

Deep □· 
Shallw •• 

!!!!!!!!: ___ L~ .. ~--"""''-'-... ..i.-' .... ...., ........ -.1 ----------.,,.."""'~-------------addre•• 
.!:!!l (A) (1) (C) (J) -1!~!le (P) (a) (I) (T) (I) r,:, 
.llze!l: atr, buc~t, cent, Jet, (cent.)• ptat1111, roe, 111lan1, turb, other L;;J 
•-r ~t LP 1\71 Trana. or 
(tYH): tlteiaal,~•• paoUna, ha~•• aa•, Vinti; Lt• SO L!..J meter no. 

T c"s,,uc. 1.s· ~ 
Deacrlp. KP --------;=::;=::;:::::;=::;::;_::::;-:.;_-:=:-:----ft ~. Alt. KP _______ _ 

-~: ~c I I s I == S' I ,. 0 il O .,m 
Water ----,---bov""7:or-""-a~bova='""'7••r"";l=..;:!::;:l :;!::3;:;!:::;7;::;l------:T:---e::--- sl"°A1 
.!:!!!I I l ') • 0 i- ft :e1.: MP; Ft belw LSD : ! l Accuracy: A p '- ~ 
D •....,---,..-- ~,,,•• ')-1,.1.7'• Method rc;, 
..:::: I •11 • C, 7 nj \ ; ~ i; ju !!!!!= ".3 ", Q l"91 Ji ! 3: .:3 i O j ~ined L.Y.J 

□ ~ .. L I I J Dr....._: ______ ft L j j Accurac7: ______ ~------hr11 ,J.--1.61 
oiiii:m OP •• U □ 
VATD DATA: Iron r,Sulfete n Chloride r:Jwu.t.., 

pja ~o. pjii h-=I I ! I Datt,. "'-,r-' p,- I : j 
Sp. Conduct . I a 10 .·. T-. •r i .!,-!!!!lt!ll! .. !!..--------•·...,r--i.. ,,. ... ---==-------- ,. ,. ,, ,, 
Teate color etc. 

C 

= ., 



f:''. .!_; ..... i - ._) Well Mo. _,,, 

II 
L&titude•1on115ude s 

d .. • a • • 
. I Phy■io1nphic ~-::i l SAHi AS OIi KASTEi CA1D Pro,,lnc■: . ',_. !!!!!!!!= _______ _ 

I " rE7 K!:t~~u __________ l S" i 2 ; B ! Subbaeln: □ 
-------~ 25 21 ---------- •• 

(D) (c:) (1) ~ (I!) (1:) (L) 
clepre■ai.Oll, ■tt- cba-1, 4-•~ hilltop, ■ lalt, • .,..., 

(t) (P) (I) (1') (U) ('I) rF'l 
off■hor■, pedi•nt, hl111ld1, tenac■, undulating, valley flat _____________ 11L:.J 

Ml.JOI 

M)UIFEI: -------ay ■t- ---~--------f'c:';ul eerie■ ~ aqu{!er, Eorutlon, group '-n-Y 
Iii r-, Aquifer 

Lltholou: --------------~ 2!!1!.!!= ------Y Thiclr.ne■■: -::::::::::f_t_ 
I :1 I Length of '-# CJ L I '+ I , I Deptn to S' I 'l. I I J 
"· ~jl'ljl"'•---"""'fj'l'f"' -11 open tOI ________ ft ,.~,..J top of: 2 0 ft 1.,;.,~-?, 
tWm o::J M)UlfEa: ________ 1 _____ ...,. ___________ _,.._..., 

■yum ----■er-1""■-■--- u • ■quller, fora■Uon, group •• ., 

L • J r-,e,uuor 
Lithology: ______________ ...l... Origin: ------Lrr-J Tht.clr.lle■a: --;,-:,-:,:,;:,:::= .. f-t 

I Length of I I Depth to I ; I 
...... ,----... ;s ...... 11 opn tor ________ ft ........ ---...... , ..... top of: _________ ft "•;-,..&.! -..L.-1-.-' -

Intervala 
Screened: ____ "2;....;.0_S;;_-_"2._'f__:S-.. ___ ;.-:,-:,:,.:.:.-:.,-... -_-:.,-,..-----.,--------------------

Peetb to L. J O conaoUdat" rock• _______ ....,;ft ...,_ .... ___ ,., Source of data: ------------•• 

Depth to I I □ b•■-nt: ft · ScNrc• of daca1 •• 
------------ D ii 

S r L I j tnfiltraeion D 
-:---------------;;:!:'_.:::':•~•:=:~c;h~a~ra~c~t~e~r~i•~t~i~c~•: 

11 

efftctnt l ! ;· 1 coeff1.cten& L J · 1!!!!1 s,d/ft ._ .. •..___._
1

_,._.,_ Storye1 ___________ ,. •1 71 ' 
~~ . □ !!!!!t Dd/n2

; Spee eu1 mlCt; Ruabu of poloalc cad■:_ ,. 
s s ToP so, I.. 

I l 'i II ~ C 1.JIV 

13 'o ,.., .s""' 0 't Sl II"(~ o,: Sli-ct&.e 
I 5 0 I l- fl:"""£ "'1 Mf'tE SANO .,s bS SHAt..£ 

2.50 .3 s COAASi' Sfln,0 ~ :C, A ,-,11 ~ l.. 

I I I 
I I I 
I I I 
I I ___ T_.;., _ ,._ ---+----
1 I I 
I· I I 

..:--L-- I __ L __ _ 
I I 
I I I l . I I ---,----'----'---
' I I 
I I l 
I I I 

GPO 157-100 

:= .. ... 

QJ 

:a:. 

CD 

-
I 

·. ,t. 
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-------- ----=:.=:=========----=-------. :::---· --···- ----- ······-------- --
A/ore : ru co ""ecT 
S c. "£ 6' N S O 11 p u 8 L. ' 

f"\ p S Ne-, L O ~ e: °' 0 

" I "Tl:"" A l.. 

,Eo 4S ., 
· ~ 0 ,- '2.47 

I. S -" Oou E L D:) • - ·- , 

1-t-81-0~-40" ./ 

( OL DG .3 0 8 l . 
U. s. DEPT. or THt. u-., .. r BIJ 191/ "> ~ 

WATER Rt:SOUR ES Dl\"l~IO:-; --e,-

~;..;T:;:. =;::::;~::s~•_;R~:::j::::;=::;:~•'..:--,~";::·c:=:;:::::;;:::;:::..::;:=:::;:::::.:".:,• .:· =:;::::::;'-, --...,...,,_\ ---------.,., ~::!11er: lJB: H : a.: 1 : 0 : ~ : 4-: 0 : b ; I~ ~e.,,IJ:e» B" M ) 
11 I I I I IS I I I I 10 ! . ~I ~'2.,.J- "1 • 8-t!, S,,ae.fT 

1-al ueei I ! : ; ; J :"£! ... :C1TY ~ F FA ~epo-51 •o •S ti Ci " I 

le !T :Y : : F ! R : e : E : p iii i R : T: I Addrm: 
II s• •· .. - ----------------

(C) C,) ~ (II) (P) (S) (V) ~ 
Ovneuhtp: COUfttJ, red Co•'t, y, Corp or Co, Private, State Aaenc7, Water Dllt ---------••L.!::1J 

(A) (I). (C) (D) (I) (P) (R) (I) (M) (N) ~ (ll) 
.!!!!..!! Air e•, lottU111, C-, Dewater, P-r, rtr■, Dea, In, ltad, Incl, fl, Rec, 

!!!!ll <•> <t> cu, <Y> cv, ex, (1') <•> rn1 
ltoek, lMi:lt, Ulmeod, lleprHeura, laeharlO, DoHl•P I, Doeal•other, Other _________ .. Lf.J 

UH of (A) (D) (G) (II) (♦) (P) (ll) (1') (U) l(ii\ "Q <•> j "'' I 
vei'i7'" Anode, Dra&a, klem.c, Root ha, Oba, Oll•s••• llechar1e, Teet, U1111eed, Vl~• • ,te, Dutr37od •• "" 

Vall date[i] F!!9, V/1. •m.: l~Lf-lJ ., ... :;.~;;~; ri-,_7,leld aquifer cheJ, 10 
,o r 7J□ 

- _________ 7 ,.□ 
Qual, veter data; lJ2!1 't.. 

DATA AVAll.All.11 

Rytl, leb, data: 

,.. ·-·□ Pump■511 lmrentory: ~I _______ _ ,, .. ·□ 
Apen .. re cerda: ----------------------------------;.__:== 

IP: 

Freq. enpUn1: _________ _ 0 
,. ,. 

WU. l•DHCIIPTION CAID 



• 

Vell Ito. B M- e, 0 Cc, 4o& 

-- <?o~S !s!tltude-l""lttude 2e 56 SLf 2. I SI 
d ,. • d • • 

HYDIOGIOlOGIC CAIO 

' ~ AS OIi KASTEi CMD ! ::~:::~~-phlc ~ 
Ir ,,; ----------===========--~~ !!!!!!!!' ---------

llraln•11 I 5 ; '2. : B I 0 ~: l ; SultltHtn: 
------- u ,i ----------

(D) (C) (I) (P) (II) (I) (L) 
••~Halon, etl'■- cha-1, dua■■ , fl■t, hilltop, •lnll, _ _,, 

(t) (P) (I) (T) 
off1hn■, pedt•a~, hlllalde, t■nece, 

(U) (9) 
11nd11\attng, v•ll•J fla& _____________ _ u[EJ 

---,..,,.,,...-~, --------~ aquifer, for.ation, group 

~ !?!.::....!.!!• ------0 ~~!!:~ .• : -------
L I , 1 I Deptn to 4 j. ___ _....-= __ ft ,.~QoJ top of: _____ 'l.;;;;..._I __ ft I..~ 

------,.-----~ -----.-q-u"'i~z~.-r-,-r-o-r.a--t-to-n-,-11-~----

MAJ!lll 
;,;ii¥n: 

1yetea ■erlea 

Llth<'losz: S~uo 
I Len1th of 20 j) 
: WC ll Of!ft tot 

u 
11.W!! 
Ml\ltftl: 

ayH- ••rt•• 

~ • 
ft 

;1.J 
: I •• ., 

L • j r7 Agutfcr 
Llthc,losr: _______________ _:_, ~: ------~ Thtckne••z --.,-.-.-.-..,-.-.-.-,.-.-:,_ 

j ten1th of I j Depth to I : 
ft 

._,,..,---~.s,...· .,.1 I !P!" tOa ________ ft 1. .. , .. ,...i.-...1._
31 
__ top of: _________ f.t "-JJ-"·-...i.-.

1
..,,_. 

,lnts;rval ■ 
Screened: __ __:'1:..;l;..'#.:...._..;1~,3=-__.lfi,__-;.-:_-:_-..,-----..,-,..-_-_-..,-_-_ -.,. ___________________ _ 

~ L. J D coi,;o I ,dated rock• ________ ft ,..,_...__..:.. .. , Source of date: _____________ •• 

Depth to I I □ J,as-nt: _____________ ft Source of date: ., 

•• •• Surflclal L i j lnftltr■tton □ 
,naurt■l:,__..,. charactertatic■: " 

Co■fftclant f j 1 : I C:odfldant L ; J fila1 ______________ i--..,ft ••, .. 
1
..,.; _ _.,;., .. , ..... Store1ai ____________ ,. 1 ,a 

~~~ l □ --al . .f!!!!S ___________ ...,._.. ft I .,_ c91 -------'-.., /ft; ._...1' of 1eolodc card•: _ 

I 
I 
I I 

,. 
I I • ---T---r---+----. 
I I I 

I I I ... ---~-- __ ._ __ _ 
I· I 
I I 
I I I 
I I i----,----'---~---1 I I 
I I I 

I : I 

C 

" ... 
"' 0 

·• ~-

I 

' 

I. 
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REXlJRO OF 
CXJHJNICATIW 

Johnson A. campbell 
District Soil Conserv. 
us Soil Conserv. Serv. 
Brazoria ,,..,..., .......... 
~ (409) 849-6820 

Ix I 8Jcne call 1=1 DisoJSSim 1=1 Field Tr:ip 

1=1 Qlnfere11ce 1=1 other (Specify) Ref. 17 

(Record of Item Cllecked Abovel 

Jahn L. Jones 
FIT Analyst 
ICF Technology 
(214 l 744-1641 

DATE 

TIME 
6/30/88 

1335 

Irrigated I.and Area In '!he Freeport Area 
SlHW« OF CDHJNICATICB 

Mr. campbell said that there is no irrigated crop land in the area of Freeport 

within 10 miles of the city due to the saline nature of the soil. '!here is same 

water used for watering lawns and the Freeport country Club Gulf course but not 

for food crops. Irrigated crops start about 10 miles to the north of the city. I 

also asked about qrou:rrl water flow. Mr. campbell said that it would be toward the 

Gulf i.e. to the southeast. 

CXH::UEI~, ACl'IW 'mmf m RIQ.)lRE1) 

lNRHmTIW wPIES 
'10: 

EPA RRI 1300-6 (7-72) 
Replaces EPA 112 Fmm 5300-3 Which May Be Used Until SUW].y is Exhausted. 
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Ref. 18 

I • • ,~ 

TEXAS SURFACE WATER QUALIJY STANDARDS 

f 
r 

Informational Copy 

Texas Water Commission 

December 1988 
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USES CRITERlA 
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A. " " CIO 0 
A. ,..... Cll a 0 U"O ,..... 
::, ..J 0 ,..... 0 A 0 .._ C ~ .. (II :..-o 

SAN JACINTO-BRAZOS COASIAL BASlN t! Cl) - ... ..J ... .... ... .. -... " 0 " ~ CIO ..... ..J i5£ • ... u ..... " .... i:-= e ... IIO u 0 ... 
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..... Qj'II( u .... ..J ~ 
g: -- 0 E 0 Cll 0 Cl 

E! " ~~ a m 
C ,.... C C >- Ill ~ io u :f l&.l 

~ 
>< 14 .... A " 5 " Qj 0" f CIC._. 

~ .... IIO IIO Ill, - ~ ... 
~ 

I,,) 

~ 
.. .. a .. Q :z: ..... >, ... 

~ 
... ... la. ... ... ~~ 0. ..J.., 0 w ... 
f1 " i::! " Cll " 8 '? C !~ Cl) = > iii > en > 52: 
I u .. • H Ill >, 

A en 
~~ - .... - en 

SEGHEN'r • " :-1 ~ H 
:, :, Q ~A SECHEN'I NAME C C ~! NUHBER C ~ -c 

1101 Clear Creek Iidal NCR H 4.0 6. 5-9.0 2,000 95 

1102 Clear Creek Above Iidal NCR 1:1 200 100 600 5.0 6.5-9.0 2,000 95 

1103 Dickinson Bayou Iidal CR 1:1 4.0 6.5-9.0 200 95 

1104 Dickinson Bayou Above tidal NCR 1:1 200 100 600 5.0 6.5-9.0 2,000 90 

1105 Bastrop Bayou Iidal CR H 4.0 6.5-9.0 200 95 

1107 Chocolate Bayou Iidal CR H 4.0 6.5-9.0 200 95 
~ 

1108 Chocolate Bayou Above Iidal NCR 1:1 150 50 600 5.0 6.5-9.0 2,000 90 

1109 Oyster Creek Iidal NCR 1:1 4.0 6.5-9.0 2,000 95 

1110 Oyster Creek Above tidal NCR H PS 300 150 750 5.0 6.5-9.0 2,000 90 

1111 Old Brazos River Clannel CR· H 4.0 6.5-9.0 200 95 

1113 Armand Bayou Iidal CR 1:1 4.0 6.5-9.0 200 95 



SEGMENT 

1109 

1110 

llll 

lll3 

1201 

1202 

1203 

1204 

1205 

1206 

1207 

DESCRIPTION 

Oyster Creek Tidal - from the confluence with the Intercoastal 
Waterway in Brazoria County to a point 100 meters (110 yards) 
upstream of FM 2004 in Brazoria County 

Oyster Creek Above Tidal - from a point 100 meters ( 110 
yards) upstream of FM 2004 in Brazoria County to the Brazos 
River Authority diversion dam 1.8 kilometers (1.1 miles) 
upstream of SH 6 in Fort Bend County 

Old Brazos River Channel - from the confluence with the 
T1,t~rcoastal Waterway m Brazoria County to SH 288 in Brazoria 
County 

Armand Bayou Tidal - from the contluence with Clear Lake in 
Harris County to a point O. 8 kilometer ( 0. 5 mile) downstream of 
Genoa-Red Bluff Road at Pasadena in Harris County 

Brazos River Tidal - from the confluence with the Gulf of 
Mexico m Brazoria County to a point 100 meters (110 yards) 
upstream ot SH 332 in Brazoria County 

Brazos ttiver Below Navasota River - from a point 100 meters 
(110 yards) upstream of SH 332 in Brazoria County to the 
confluence of the Navasota River in Grimes County 

Whitney Llike - from Whitney Dam in Bosque/Hill County to a 
point immediately upstream of the confluence of Camp Creek on 
the Brazos River Arm in Bosque/.Johnson County and to a point 
immediately upstream of the confluence of Rock Creek on the 
Nolan River Arm in Hill County, up to the normal pool elevation 
of 533 feet (impounds Brazos River) 

Brazos River Below Lake Gra?!bury - from a point immediately 
upstream of the confluence c! Camp Creek in Bosque/Johnson 
County to DeCordova Bend Dam in Hood County 

Lake Granbury - from DeCordova Bend Dam in Hood County to 
a point 100 meters ( 110 yards) upstream of FM 2580 in Parker 
County, up to the normal pool elevation of 693 feet (impounds 
Brazos River) 

Brazos River Below Possum Kingdom Lake - from a point 100 
meters (110 yards) upstream of FM 2580 in Parker County to 
Morris Sheppard Dam in Palo Pinto County 

Possum Kingdom Lake - from Morris Sheppard Dam in Palo Pinto 
County to a point immediately upstream of the confluence of 
Cove Creek at Salem Bend in Young County, up to the normal 
pool elevation of 1000 feet (impounds Brazos River) 

79 
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LEGEND 

RESIDENTIAL WELLS SAMPLED 

NEAREST RESIDENTIAL WELL 

MONITORING WELL 

@ecology 
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